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ABSTRACT 
The genomic organisation of the human malaria parasite 
Plasmodium falciparum has been investigated by the analyses of 3 
classes of sequence. The distribution of a repetitive sequence was 
compared between several clones of a single Thai isolate. The 
hybridisation patterns displayed to the probed were characteristic 
of each clone, correlated exactly with all the other parameters of 
variation, and indicates a high frequency of recombination in 
P.falciparum. 	The exception was the jnvarient.pattern presented 
on EcoRl digestion, which generated an 11 kb fragment common to all 
clones. This fragment is suggestive of a transposable element. 
A second class of sequence examined was the rRNA genes. 
These have been demonstrated to be present in approximately 8 copies 
per haploid genome. This is an unusual low copy number for a 
eukaryotic organism. The rRNA genes appear to be organised into two 
classes of unlinked transcription units, and each contains an '18S', 
'5.8S' and 28S' rRNA gene. The '5.8S' rRNA gene is located between 
the 18S and 28S rRNA genes in a 0.5 kb stretch of A+T rich DNA. 
The '28S rRNA gene. in at least one of the transcription units is 
interrupted by approximately 5 kb of non-coding sequence. 
Finally, sequences homologous to Dictyostelium discoideum 
actin DNA have been identified in the genome. The hybridisation 
patterns to two different D.discoideum actin probes suggests that 
there may be as many as 5 actin genes, and that 3 of them are 
clustered on an 11 kb piece of genomic DNA. This DNA has been 
cloned in phage X. A 2.8 kb mRNA transcript homologous to 
D.discoideum actin has been identified and a cDNA clone isolated. 
This clone contains a 3.5 kb insert homologous to the D.discoideulfl 
actin cDNA. 
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1.1 Historical perspective 
Malaria is one of man's oldest diseases, yet today it still 
presents a threat to the health of some 2,000 million people, and is 
responsible for the death of about 2 million people annually. The 
majority of these deaths occur in Africa, where in theopics malaria 
is holoendemic and is particularly a threat to the young, killing 
1 million children every year. A few years ago the battle against 
malaria seemed to have been won, but now, despite vigorous anti-malaria 
campaigns the disease is resurgent and malaria is as much a problem 
as it ever was (World Health Statistics Annual). 
The first noted observations of the relationship between intermittent 
fevers and marshy areas are attributed to Hipprocates in the 5th 
century, B.C., but it was not until the 18th century that these fevers 
took on the Italian name mal'aria;. a recognition that they were 
connected to the foul air of marshes. A treatment for malaria existed 
long before the cause of the fever was known. At the beginning of 
the 17th century Jesuit missionaries in Peru noticed that the Indians 
used a tree bark to treat fevers. This bark, which became known as 
'Jesuit's powder', was shown to contain quinine in 1820. However, 
it was not until 1880 that Laveran, a French Army surgeon in Algeria, 
observed and described malaria parasites in the red blood cells of 
man. In 1894 Patrick Manson suggested that Malaria was transmitted 
by mosquitos, and in 1897 Ronald Ross found a developing parasite in 
an Anopholean mosquito, linking the mosquito to Malaria (for this 
Ross in 1902 received the Nobel Prize). Demonstration that the mosquito 
was the vector for malaria was obtained in 1900 by Manson. He, together 
with Italian colleagues, transmitted malaria to people in London with 
infective mosquitos sent from Italy. 
Antimalarial measures in the early part of the 20th century 
centred on the use of quinine, and - anti-mosquito larvae controls. 
However German losses to malaria in the 1st World War highlighted 
the need for an alternative to quinine, since they did not have 
direct access to the drug. The following years in Germany saw the 
development of parmaquine (1924), mepacrine (1930) and chioroquine 
(1934). Other anti-malarials were developed in France, Britain and 
the USA; culminating with the development of pyrimethaifline in 1951. 
The manufacture in 1942 of dichloro_diphenyl_triChloroethafle 
(DDT), led to what havebeen described as the 'let us spray years'. 
The use of insecticides together with anti-malarial prophylactics, 
gave rise to the hope that malaria could be eradicated, and in 1955 
the World Health Organization (WHO) launched a global campaign aimed 
at the eradication of malaria. This campaign was particularly success-
ful in Europe where malaria has been eliminated in Sicily and Greece, 
leaving Turkey as the only country where it is actively transmitted 
today. 
In contrast the situation in the rest of the world has worsened 
rather than improved, and in 1969 the WHO dropped its policy of 
eradication for one of containment. This failure to control the 
disease is principally the cumulative result of the development of 
insecticide resistance in the mosquito and drug resistance in the 
parasites, compounded by the practical problems involved in operating 
control procedures over vast areas of a country with very few trained 
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personnel. An inexpensive and long-lasting vaccine is urgently required. 
1.2 The life-cycle of Plasmodium falciparum 
Malaria is caused by a unicellular protozoan parasite, which in the 
vertebrate host is haploid, and belongs to the genus plasmodium. There 
are over 100 different species comprising the family Plasmodiiae; of 
which 55 are specific for reptiles, 25 for birds, and 20-25 for a 
variety of mammals including rodents (Garnham, 1966). The discovery 
of p.berghei in rodents by Vincke in 1948, opened a new way for 
studies in parasitology, immunology and chemotherapy; and there are 
now several good rodent laboratory models. There are ca. 20 species 
of Plasmodia in primates, and those of the 	us and $aimiri monkey 
again provide good model systems. The four human malariaS are listed 
below and the terms tertian and quartian refer to the periodicity of 
the fever associated with malaria, and are a reflection of the 
duration of erythrocytic schizogony (see below). 
P.vivax: 	relapse type, benign, tertian and largely 
sub-tropical though occurs in S.E. Asia and 
New Guinea. 
P.ovale: 	relapse, benign and like P.vivax, largely 
confined to Africa. 
P.malariae: 	quartian, benign, cosmopolitan distribution, 
non-relapse type, and the only one that is 
also a natural parasite of the monkey. 
P.falciparum: malignant, tertian and non-relapse type, largely 
sub-tropical, and is the great scourge of 
Africa and S.E. Asia. 
P.falciparum if not treated, often causes lethal infections in 
man, and for this reason is the parasite studied here. Shown below 
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is the life-cycle of P.falciparuifl (Fig. 1.1) although it is essentially 
the same for the other human malarias (for review of the life-cycle of 
all primate malarias, including P.falciparum see Bray and Garnhaifl, 
1982) . There are two factors which I wish to emphasize: (i) the 
alternation of host-man and mosquito- in the life-cycle; (ii) chrono-
biology, the time table of events in all stages is highly ordered. 
Since one of the hosts is the mosquito, a brief summary of its life-
cycle is pertinent both here and later when discussing the control 
of malaria. 
The complete life-cycle of the Anopheles mosquito takes 3 
weeks to 1 month. Only the female takes a blood feed, after which, 
she lays her eggs in water, larvae hatch from these eggs and rest on 
the bottom, coming to the surface to feed. The larvae pupate, and 
metamorphose into male and female mosquitos. The latter mate 
once in flight, the female storing the sperm in a spermatheca and 
taking a blood feed before each egg laying. 
The life-cycle of P.falciparum commences when an infected 
female mosquito takes a blood feed, and along with injection of 
saliva, injects sporozoiteS. The sporozoites disappear from the 
blood stream within 30 minutes, because they are transported to the 
liver where they enter the hepatocytes (either direátly or via Kupffer 
cells). Once within the hepatocytes, sporozoites round up, and 
divide mitotically, this process is called ex-erythrocytic schizogofly 
and takes approximately 3 days. The resulting schizonts develop into 
merozoites which after rupture along with the hepatocyteS, 
are released into the blood stream where they rapidly invade erythrocytes 
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Life-cycle of Plasmodium falciparum in man and the mosquito. All 
stages are drawn to approximately the same scale, and the diagram 






The merozoites have an apical complex including organelles, 
whiàh after orientation come into contact with a- site on the erythrocyte 
surface. There are thougitto be specific receptors for plasmodia on 
the surface of erythrocytes, and for P.falciparum the receptor is 
believed to be glycophorin A (Pasvol and Wilson, 1982). MerozoiteS 
induce invagination, and once inside they are enveloped by what was 
the erythrocyte plasma membrane, but is now called the parasitophorous 
vacuole membrane. 
The meroZoiteS develop a good vacuole, and although largely 
parasitic, are capable of some de novo biosynthesis. To compensate 
for its restricted ability to synthesise amino acids, the parasite has 
specific proteases which break down host proteins to generate an amino 
acid pool (Sherman, 1979). Haemoglobin is specifically degraded in 
this way, and the product heme is harmful to the parasite, and is 
therefore sequestered (presumably in an innocuous form) in the 
malaria pigment. The anti-malarial drug chloroquin (see Section 1.3b) 
is believed to mediate one of its effects by binding to heme, and the 
heme-chloroquin complex is toxic to the parasite (Orjih, et al., 
1981). The parasite can also only synthesise pyrimidines but 
scavanges for purines. pyrimidine biosynthesis is the site at which 
other anti-malarial drugs act, and these are discussed below. 
A second round of asexual multiplication occurs within the red 
blood cell, rings develop into trophozoiteS which mature into 
schizontS,folloWed by segmentation and merozoite release (see Fig. 1.1). 
This process is called erythrocytic schizogony. The inter-erythrocytic 
development of the parasite leading to the production of merozoiteS 
has a characteristic time period, and for P.falciparuifl this is 48 
191 
hours. After several rounds of asexual multiplication some unknown 
stimulus triggers the sexual phase. Some of the merozoiteS develop 
into gametocytes, either male or female. These male and female 
gametocytes are infective to mosquitoes. The other merozoites 
reinvade erythrocytes. The production of gametocytes from merozoiteS 
is termed the blood stage of the life-cycle. When a female mosquito 
feeds on human blood malaria parasites are ingested; following the 
uptake with the vector blood meal the male produces eight motile micro-
gametes and the female a single macrogainete. Fusion of the gametes 
produces the diploid zygote which rapidly transforms into an ookinete. 
During the next 24-48 hours the ookinete penetrates the mosquito gut 
epithehal cells and enters the coelemic cavity, where it encysts forming 
the oocyst (see Fig. 1). SporozoiteS develop within the oocyst 
(up to 10,000), the oocyst bursts and the sporozoiteS move to the 
mosquitds salivary gland. The sporozoiteS are infective to man, 
awaiting injection at the next blood feed. Since merozoites are 
haploid, meiosis must occur at a stage between fertilization and the 
appearance of merozoites in the erythrocyte, most probably during 
sporogony. The 'Mosquito stage' and the life cycle are thus completed. 
1.3 Control of malaria 
The theory of malaria control, as based on mathematical 
considerations, was first suggested by MacDonald (1957). Control is 
aimed at achieving 
reduction in longevity of the mosquito 
reduction in man-mosquito contact 
reduction in the longevity of the parasite. 
The second can be achieved with repellants and mosquito nets, but are 
obviously not widely applicable. The first I shall term anti-vector 
controls, and the third antiparasite controls; these are discussed 
below. 
1.3(a) Anti-vector controls 
The first anti-vector controls to be applied were those 
directed against the mosquito larvae. These consisted primarily of 
larvicides such as Paris Green, which coat the surface of water with 
an oil preventing the larvae from feeding; combined with drainage of 
the water breeding grounds. However, control by killing the mosquito 
larvae suffers from two main deficiencies. First, those mosquitoes 
escaping face no further artificial threat, and some can live long 
enough to become infective. Secondly, the number of breeding places 
needing treatment is often astronomically high, especially in rural 
areas. 
The most efficaeioUS approach is to shorten the life of the adult 
mosquito using insecticide sprays. A daily mortality rate of around 
50% is reckoned to be sufficient to break the transmission by most 
malaria vectors (vector control has been reviewed by Davidson, 1982). 
This observation is based on the principle of reducing the average life 
span of the mosquito to below the time taken for the parasite to 
develop within the mosquito (ç. 10 days for P.falciparum). From 
1945 onwards intensive spraying campaigns eradicated malaria from 
many temperate areas (the WHO never attempted a large scale spraying 
campaign in Africa) , leaving Turkey as the only European country where 
malaria is actively transmitted today. Unfortunately insecticide 
sprays were in such heavy use in agriculture that as early as 1953 
some Anopheles mosquito vectors were resistant to DDT. Resistance to 
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insecticides has now spread to over 40 species of Anopheles in 
60 countries, and some vector species are resistant to a number of 
different insecticides. 
The resistance of the mosquito vector to most insecticides 
and the enormous cost of developing environmentally safe new compounds 
has been the impetus to develop biological controls. The two most 
favoured candidates are Gambusia affinis, a fish that feeds on 
mosquito larvae, and Bacillus thuringiensis,a bacterium that kills 
mosquito larvae. Numerous other predators and pathogens (viruses, 
protozoa, fungi and nematodes) are also being evaluated, but all of 
these anti-larvae measures suffer from the same shortcomings 
as those described earlier, namely difficulty in covering all 
potential' breeding sites. 
Since the 1950's, laboratory and field research has also focussed 
on the genetic manipulation of insects. Although the screworm 
(Cochliomyca hominivoray) was successfully eradicated by releasing 
sterile males and females, no lasting success has been achieved 
in the natural environment against Anopheles. The development of 
Anopheles strains more resistant to Plasmodia is also being actively 
studied, together with Anopheles strains more susceptible to control; 
these approaches have been reviewed in detail (Davidson (1982), 
White (1982)). 
1.3(b) Anti-parasite controls 
The first anti-malarial drug to be discovered was quinine 
(see Historical Perspective), and it is still in use today. Many of 
the more recent anti-inalarialS have a similar structure to quinine 
(see Fig. 1.2), and all are based on the phenyl ring. The drugs, 
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however, are effective against parasites in different stages of 
development and hence can be grouped by this criterion. Drugs which 
attack the liver stages of the parasite (see Life-cycle Fig. 1.1) are 
termed casual prophylactics, and primaquine and proguanil are of 
this type. Gametocytocidal drugs destroy the sexual forms of the 
parasite, and so prevent transmission to the mosquito. Primaquifle 
is also effective here, and so is quinine and chloroquine, but the 
latter two fail to act on the gametocytes of P.falciparUm. The 
majority of the antimalarial drugs destroy the blood forms of the 
parasite and are termed schizontecideS. They can be slow acting, 
and therefore useful as prophylactics, examples are proguanil, 
pyrimethamine and the sulphoneS. 
All antimalarial drugs can produce side effects, some only 
when used in high dose such as pyrimethamine and the sulphones. 
Mercaperine produced such toxicside effects that it has been 
withdrawn. Quinine although highly efficatiOtiS, is only used for 
radical cures, because prolonged use has been associated with 
blackwater fever, and at lower doses ringing in the ears and 
restricted vision. Chioroquin is an excellent preventitiVe and 
curative drug, with no significant side effects, although it is 
not gametocytocidal to P.falciparurfl. 
A putative mode of action of chioroquin has already been 
discussed (see section 1.2). The suiphones plus pyrimethaiflifle and 
proguanil (antifols), mediate their affects by interferring with folate 
metabolism. As previously mentioned plasmodia perform only de novo 
synthesis of pyrimi.dines. Pyrimidine biosynthesis is outlined 
below, 
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Shown (*) is the point at which the essential cofactor tetrahydrofolate 
is used. Pyrimethamine and proguanil work by binding more strongly to 
the parasite dihydrofolate reductase enzyme than to the vertebrate 
equivalent (see below and General Discussion). The sulphones 
compete with para-aminobenzoic acid (pABA) for the enzyme whIch converts 
it into dihydropteroate via pteridine. Both the folate synthetic 
pathway, and the pathway for pyrimidine biosynthesis are adapted 
from Sherman (1979). 
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The ability to use the antimalarials is being seriously hampered 
by the emergence of parasite resistance to virtually all the anti-
malarial drugs. A parasite is defined as resistant when the drug 
that is required to control the infection reaches or exceeds that 
which is fully tolerated by the host (for a comprehensive review of 
drug resistance see Peters, 1980). Some aspects of the genetics of 
drug susceptibility are discussed in Section 1.5 
The emergence between 1961 and 1965 of chloroquin-resistant 
strains of P.falciparum in S.E. Asia, prompted the US military to 
launch a major programme to develop new antimalarial drugs. Since 
then screening over 1/4 million compounds, has yielded only 6 with 
antimalarial activity, and only 1, mefloquine, has reached the clinical 
trials stages. Resistance to mefloquine (which is structurally 
related to quinine) has already been demonstrated in the laboratory, 
so the efficacy of mefloquine may be short lived. In response to 
the widespread resistance, drug companies have resorted to marketing 
combinations such as Maloprim, which is pyrimethamine plus dapsone 
(a suiphone), and Fansidar, which is pyrimethamine plus sulphadoxine. 
Resistance to both of these emerged quickly, possibly because the antifols 
and sulphones both inhibit folate metabolism. Chloroquifl resistance 
has taken longer to emerge (probably due to its effect being multi-
factoral, see Section 1.5) , however, isolates can be multiply 
resistant such as the Thai isolate Kl, which is resistant to both 
chloroquin and pyrimethamine (Thaithong, et al. 1981). The need for 
a new approach is paramount. 
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1.4 Development of a vaccine 
Inhabitants of hyperendemic areas show a consistant pattern of 
susceptibility and resistance which reflects the slow development of 
specific immunity. Infants born to immune mothers are relatively 
resistant during the first three months of life, and thereafter all 
children suffer severe and recurrent attacks of malaria. These 
attacks are often fatal (see Section 1). The severity of these 
attacks diminishes with age, until no clinical symptoms are obvious, 
although people remain infected. The slow development of naturally 
acquired immunity in man, and its incomplete nature casts doubts 
about the effectiveness of any vaccine. 
Examination of the life-cycle of P.falciparum reveals that at 
three stages the parasites are 'naked' within the blood stream, and 
therefore more susceptible to immune attack. These stages are 1) 
sporozoites 2) merozoites and 3) gametocytes (see Fig.l.l). 
Vaccination with attenuated forms of each, does result in immunity 
(for a review see Taylor and Siddiqui, 1982). Obviously before 
- 	vaccination with attenuated parasites can be considered for wide 
application, methods will have to be developed for the large scale 
production of parasites; to date large scale cultivation of 
malaria parasites is not technically possible. 
The development of a continuous in vitro cultivation system 
for the blood forms of P.falciparum by Traeger and Jensen (1976), 
made possible the production of analytical amounts of parasites. 
Using antibodies raised against p.falciparum, studies are now 
underway aimed at identifying the clinically important antigens 
(Perrin, et al. 1981; Brown, et al. 1982; Hall et al. 1983). 
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The recent report that malaria antigens can be expressed in E.coli 
(Kemp, et a].. 1983) gives support to the view that large scale 
production in bacteria of protective antigens is possible, and 
that the development of a vaccine by this method is a feasible 
proposition. 
1.5 Variation in clones of Plasmodia 
Genetic study of malaria parasites has so far been limited to 
two of the rodent Plasmodium species, P.yoelii and p.chabaudi, since 
the entire life-cycle of parasites belonging to these species can be 
followed in the laboratory. Regarding the human species P.falciparum, 
while the erythrocytic stages of the parasite can be maintained 
indefinitely in culture (Trager and Jensen, 1976), it is not ethically 
permissible to complete the life cycle by deliberate infection of 
human volunteers. The use of primates such as the Aotus monkey, 
though possible on a limited scale, is almost impracticable for 
extensive genetic work which requires large numbers of progeny for 
analysis. 
A comprehensive recent review on the genetic basis of diversity 
in malaria largely based on studies of the rodent malarias, is 
given by Walliker (1983), and the salient points are outlined below. 
Three main characters were used to assay for variation, they are 
(i) enzymes, (ii) drug susceptibility and (iii) virulence. 
Six enzymes have been exploited in this analysis and they are 
glucose phosphate dihydrogenase (GPI), 6-phosphogluconate 
dehydrogenase (PGD), lactate dehydrogenase (LDH), glutamate 
dehydrogenase (GDH), adenosine deaminase (ADA) and peptidase (PEP). 
These enzymes exist as more than one type of electrophoretic variant, 
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and the inheritance of a particular variant can be determined by 
either starch gel or cellulose acetate gel electrophoresis. The 
electrophoretic variants of each enzyme are denoted by numbers, 
e.g. GPI-1,-2, etc. according to their position on the gel. 
When the blood forms were examined only a single enzyme variant was 
found in each of the cloned progeny, the first indication that 
the blood forms of the parasite are haploid. Analysis of the 
progeny of a cross between parental types with different variants 
revealed that recombination had occurred and the isoenzyme types 
were inherited in a Mendelian fashion. 
Drug-resistant lines of rodent malaria parasites have been 
obtained either by 'single-step' or 'multi-step' challenges, using 
predominantly chloroquine and pyrimethamine. Both approaches result 
in the generation of stable resistance. Crosses between pyrimetham.ine 
resistant and sensitive clones showed that the inheritance of resistance 
was monofactorial and independent 	inheritance of the iso-enzymes 
markers. This contrasts with the inheritance of chloroquine resistance 
which is multi-factorial. These results showed that the highly 
resistant clone resulted from a number of successive mutations at 
specific chromosomal loci (and explains why resistance to chloroquin 
takes so long to appear in the wild). Progeny from a cross with a 
sensitive clone displayed varying degrees of resistance. Finally 
chioroquine and pyrimethamine resistance were shown to be inherited 
independently 
Variations in virulence have been recorded in many Plasmodium 
species, and the genetics of this character have been investigated 
in P.yoelii. Crosses between virulent and avirulent lines, in 
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which enzyme and drug-resistant marker genes were present, showed that 
segregation of virulent and avirulent types occurred, as well as 
recombination between genes for virulence and markers. 
Recombination involving genes at different chromosomal loci 
has been demonstrated to occur, and is dependent on mosquito 
transmission (i.e. sexual reproduction is essential). The ease with 
which different isolates of a species may be crossed in the 
laboratory, as shown by the frequent occurrence of gene recombination 
following transmission of genetically diverse parasites through 
mosquitoes, makes it seem likely that hybridisation and recombination 
occur abundantly in nature. Evidence to support this view has been 
obtained with P.chabauli, in which three forms of the enzyme PGD 
and four of LDH occur among different wild isolates (Carter and 
Walliker, 1975). Since no fewer than 9 out of the 12 possible 
combinations of variants of the 2 enzymes were found, it implies an 
extensive degree of random mating. 
The use of iso-enzyme typing and drug sensitivity has also been 
applied to study variation between strains of P.falciparum 
(Rosario, 1981). As mentioned in Section 1.4, monoclonal 
antibodies raised against different isolates of P.falciparum are 
now available. These have also been used to assay for variation 
(McBride, et al. 1982), and it was found that a single isolate could 
exhibit different types of antigen. Variation has been demonstrated 
not only between isolates, but also between clones of a single 
isolate (Rosario, 1981; Thaithong, et al. 1983). The results of 
characterising isolates of P.falciparum from many parts of the world 
show that it appears to comprise a single interbreeding population 
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world-wide, and that considerable diversity exists in enzymes, 
antigens, and drug sensitivities. In spite of the demonstration of 
variation, there is as yet no demonstration of linkage between 
markers, nor any knowledge of the molecular basis for variation; for 
example is the variation so far characterised reflected in the 
genomic organisation? 
In some instances the ability to distinguish between strains 
of parasitic protozoa is of extreme clinical importance, and the 
distribution of repetitive DNA has been used to identify strains of 
Trypanosomes and Leishmanias (Borst, et al. 1980; Barker and 
Butcher, 1983). 	The data presented 	in Chapter III described 
the distribution of a class of repetitive DNA between a number of 
clones of P.falciparum, and direct comparison is made between the 
distribution of this repetitive DNA, and the other parameters of 
variation. 
A sequence can be considered as being repetitive if it is 
present more than once within the genome. In general, repeated 
sequences are classified into two major categories: satellite DNA, 
which consists of highly repeated, tandemly linked, simple DNA 
sequences with a preferential location in the heterochromatin, where 
it appears to have some structural role (for review see Walker, 1971); 
and interspersed repetitive DNA. 
The relationship between repetitive DNA and single copy DNA 
is termed the 'interspersion pattern', and it refers to the 
alternating interspersion of non-repetitive and repetitive DNA. 
This arrangement was first demonstrated for Xenopus DNA, and 
hence is often termed the 'Xenopus pattern'. 	This form of sequence 
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organisation is characterised by single copy sequence less than 1.5 kb. 
in length. Ajoining this single copy sequence are repetitive 
sequence elements which themselves have an average length of 300 bp 
(Davidson, et al. 1973). This short-period interspersion pattern 
is displayed by most eukaryotes, such as man (Schmid and Deininger, 
1975), sea urchin (Graham, et al. 1974), and the housefly Musca 
•domestica (Crain, et al. 1976). 
A distinctly different pattern of sequence organisation has been 
found in Drosophila melanogaster DNA. Here middle repetitive sequences 
have an aver&ge length of 5.6 kb (though about 10% are 500 bp or 
less), and the single copy sequence elements extend for at least 
10 kb on average (Manning et al. 1975). This Drosophila pattern' 
has also been demonstrated for the bee Apis mellifera (Cram, et al. 
1976), and for the nematode Cae:norhabditis elegans (Schachat, 
et al. 1978). The long-period interspersion appears to be a 
characteristic of lower eukaryotes (some lower eukaryotes even lack 
interspersion), and it seems that the change in genotne organisation 
to a short period pattern may have occurred during the evolution of 
the Diptera, since both types of interspersion can be found in flies 
(Drosophila and M.domestica). 
There is very little information about the genomic organization 
of Plasmodia. Only a single study on the renaturation kinetics of 
the P.falciparum genome has been reported (Hough-Evans and Howard, 
1982), and although the authors report that the repeated sequences are 
on average ca. 400 bp, they merely assume that these are interspersed 
with single copy sequence. More information is available for 
P.berghei (Dore et al. 1980 and 1983), and in the latter publication 
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these authors report that the repetitive sequences (400-1400 bp) are 
largely interspersed with unique DNA of average length 8 kb (Dore, 
et al. 1983). This implies that the Plasmodia genome is organised 
with a 'Drosophila pattern' of long period interspersion. 
Is there any significance to this pattern of interspersion? 
The observation that all eukaryotic genomes contain repeated DNA 
sequences, and that these can account for more than half the nuclear 
DNA content, suggests that it may have a persistent and basic function. 
The hypothesis of a role for repetitive sequences in regulation is 
certainly not new (Britten and Davidson, 1969) , and an extensive list 
of examples where repeated genetic elements have been shown to affect 
gene expression is given by Shapiro and Cordell (1982). However a 
difficulty in discussing the role of interspersed repetitive 
sequences is that the pattern represents an average of many repetitive 
families. If a repeated sequence does indeed provide a set of 
related controls, then ultimately the significance of interspersion 
may lie in the function of the regions adjacent to the different 
members of individual repetitive families. 
An example where a role has.been defined for an interspersed 
repetitive sequence is that described by Zuker and Lodish (1981). 
They purified a repetitive sequence from the genome of Dictyostelium 
discoideum the clone contained a sequence 300-500 bases long that 
is also present in polyA+mRNA. This repetitive sequence is absent 
in message expressed up to 5 hrs of development. The message that 
contain this element comprises two groups, one expressed initially 
at 5.5 hrs. and those expressed between 5 and 15 hrs of development. 
The observation that only message expressed during this developmental 
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period (5-15 hrs) contains this repetitive sequence argues strongly 
that it is involved in regulating the expression of these sequences. 
1.6 Ribosomal RNA gene organization 
The ribosome is the translation machinery of all cells. It is 
a complex of proteins (ribosomal proteins), and RNA (rRNA). The 
conservation in function of the ribosome has resulted in an overall 
conservation of structure, that includes the structure of its 
constituent parts. There are however significant differences between 
eukaryotic and prokaryotic ribosomes. Eukaryotic ribosomes are 
appreciably larger than prokaryotic ones; they contain a greater 
number of proteins, about 80 rather than 53, and they have extra 
RNA molecules. In addition, the proteins and nucleic acid are, 
on average larger. The difference in size is a paradox since both 
eukaryotic and prokaryotic ribosomes perform the same basic 
function, namely to catalyse the synthesis of protein. 
A few general characteristics of eukaryotic ribosomes follow, 
and except where stated the references are given in a review by 
Wool (1979). Ribosomes are composed of two subunits (s.u.) which 
together contain 4 molecules of RNA and 70-80 proteins. Exceptions 
are found in Drosophila, where there is an extra 2S RNA, and in 
Trypanosomes and Chlamydomonas ribosomes which contain several small 
RNAs (Jordon and Glover, 1977; Cordingley and Turner, 1980; 
Hernandez et al. 1983; Marco and Rochaix, 1980). The sedimentation 
value (S) varies between species, but generally is close to 80S for 
the complete ribosome; 60S for the large s.u., and 40S for the 
small s.u. There is a single 18S RNA molecule and about 30 proteins 
in the 40S s.u., and one of each of 5S, 5.8S and 28S RNA5 plus 
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45-50 proteins in the 60S s..u. 
The rRNA and the proteins interact, and this interaction is poorly 
defined in eukaryotic ribosomes. Two methods have been used to 
identify which proteins bind to a particular RNA, affinity chromato-
graphy and periodate oxidation. In the former the RNA iscnobilised 
on a sepharose column, and ribosomal proteins passed over it. In 
this way eukaryotic 5S RNA has been shown to bind to eukaryotic 
ribosomal proteins L6 and L19, and 5.8S rRNA to eukaryotic 
ribosomal proteins L19, L8, L6, 1813 and S9. Since 5.85 rRNA binds 
to E.coli ribosomal proteins L18 and L25, it implies that 5.8S rRNA 
is the eukaryotic analogue of the prokaryotic 5S rRNA which also 
binds these proteins. Such binding studies have to be interpreted 
with caution, since on extraction of the 5S RNA-protein complex from 
the 40S s.u., the RNA proves to be associated with eukaryotic L5 
and not L6 or L19. Moreover, periodate oxidation cross links the 
3' terminus of 5.8S rRNA to eukaryotic L7 and L23, 185 to 53a and 
28S to L3. A possible explanation for the discrepancy is that the 
3' binding site in the RNA is destroyed when it is immobilised 
on the sepharose column. What is clear is that in vivo the 
association been the rRNA and the ribosomal protein is very 
rapid, the ribosome is assembled in the nucleus on the large 
precursor rRNA, even as it is being transcribed from the DNA; 
for a recent review of ribosome structure see Lake (1983) 
The rRNAs not only interact with proteins, they also interact 
with each other. Probably the best postulated interaction is that 
between the 3' end of the 16S rRNA, and the 5' end of mRNA in 
prokaryotes. A recognition that there is a canonical sequence, 
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which is the mRNA binding site in the 16S rRNA was proposed by Shine 
and Dalgarno (1974). In eukaryotes only a few 18S rRNA sequences 
have been elucidated, such as Xenopus (Salim and Maden, 1981) and 
yeast (Rubstov, et al. 1980), however a large number of eukaryotic 
mRNAs have now been sequenced (Breathnach and Chamben, 1981), and there 
is no recognisable eukaryotiC equivalent to the Shine-Dalgarno 
sequence. The 5.8S rRNA interacts with both the 5' and the 3' ends 
of the 28S rRNA, and one af its roles may be to confer a particular 
conformation on the 28S rRNA, The interactions between the 5.8S rRNA 
and the 28S rRNA, and discussions of the possible function of this 
interaction have recently been reviewed (Walker and Pace, 1983) 
I will use the term 'rRNA genes' to designate the sequences 
encoding the 18S, 28S, and 5.8S rRNAs, and 5S RNA genes to designate 
the sequences encoding the 5S rRNA. In most eukaryoteS, the 5S RNA 
genes are separate in the genome from the rRNA genes (Long and Dawid, 
1980). The exceptions are yeast and the slime mould Dictyostelium 
where the 5S gene is 3' to the 25S and 26S rRNA genes respectively 
(Nath and Bollon, 1977; Cockburn, et al. 1976; Maie1s, 1976). 
The 5S RNA and rRNA genes are present in multicopy in almost all 
eukaryotes studied so far, but their location varies (Long and 
Dawid, 1980). In the lower eukaryotes Physarum, DictosteliUm, 
and Tetrahymena, the multiple rRNA genes are predominantly or 
entirely extrachromosOrflal (Campbell, et al. 1979; Cockburn, et al. 
1978; Gall, 1974). When chromosomal they can be located on autosoflieS, 
such as in humans where the rENA genes are on the telomeres of 
chromosomes 13, 14, 15 20 and 21 (Henderson and Atwood, 1976); 
or they can be on the sex chromosomes such as in Drosophila 
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(Wellauer and Dawid, 1978). In both humans and Drosophila as well 
as Xenopus laevis, the. rRNA genes are clustered at the nucleous 
organiser, NO (loc. cit. and Wallace and Birnsteil, 1966). 
In eukaryotes there are three RNA polyinerases which were 
originally distinguished according to the inhibitory effect of --
amanitin. Although slightly different in size the three polyinerase 
each have a molecular mass approximately 500,000 (eukaryotic RNA 
polymerase reviewed by Chambon, 1975). RNA polymerase A (1) 
transcribes the rRNA genes, RNA polymerase C (Ill) * transcribes the 
5S RNA and tRNA genes, and RNA polymerase B (II) transcribes most 
mRNA5 (Chambon, 1975). 	In all of the arrays of rRNA and 55 RNA 
genes analysed so far, the length of the DNA repeated exceeds the 
length of the transcription unit or units (Arnheim and Southern, 
1977; Wellauer, et al. 1976; Long and Dawid, 1980). The length 
of the extra sequence repeated along with the transcription unit 
varies from a few hundred to several thousand nucleotides for the 
SS RNA genes, and from less than 5 kb to more than 58 kb for the 
rRNA genes (for a review of spacers see Fedoroff, 1979). A 
repeating unit generally contains a single transcription unit, 
although the oocyte 5S RNA gene family in X.borealis, which can 
have four or more genes per repeating unit, is an exception 
(Korn and Brown, 1978). In yeast the 5S RNA transcription unit 
is separated from the rRNA transcription unit by a spacer, and is 
transcribed in the opposite direction (Vaienzuela, et al. 1977). 
Henceforth I will refer to the repeating units containing the rRNA 
genes as rDNA, and the 5S RNA genes as 5S DNA. 
Two well-studied rDNA repeats are those of Xenopus and 
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Drosophila, maps of these reports are presented in Fig. 1.3, and are 
taken from Long and Dawid (1980). As noted previously transcription 
units alternate with spacer regions. The latter are referred to - as 
either transcribed spacers, which are sub-divided into external (ETS) 
and internal (ITS) regions, or non-transcribed spacers (NTS), depending 
on whether the sequence appears in the initial rRNA transcript. In 
X.leavis there is a single autosomal NO, which comprises 400-500 
tandem copies of rDNA (Wallace and Birnsteil, 1966). The transcription 
unit is flanked by short non-repetitive spacer sequences, the 
remainder of the non-transcribed spacer sequence varies in length 
from about 2.7 kb to 9 kb in different repeating units. Despite 
this difference in length, the spacers differ little in sequence 
because they are internally repetitive (Wellauer, et al. 1976; 
Botchan, etal. 1977). 
In Drosophila rnelanogaster there are two NO, one on the X 
and one on the Y chromosome; each containing 150-200 rDNA genes, 
although the number varies somewhat between strains (Ritossa and 
Spiegelman, 1965). The rDNA of D.mtanogaster can be of two classes, 
one resembles that of X.leavis (Fig. 1.3), but the other differs in 
that the 28S rRNA gene contains an intervening sequence (IVS). 
The IVS can vary in size from 0.5 to 6 kb, and the sequences are of 
two groups: Type 1 insertions included the most abundant 5 kb 
insertion, plus homologous small 1kb and 0.5 kb insertior, and occur 
exclusive in the X chromosome NO; Type II insertions have no 
homology with Type I, occur in several sizes between 1.5 and 4 kb and 
are located on both the X and the Y chromosomes (Glover and Hogness, 
1977; Dawid, et al. 1978; Wellauer and Dawid, 1978). Sequence 
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FIG 1.3 
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Maps of repeating units of ribosomal genes of Xenopus laevis (a) and Drosophila 
me#anogas:er (b). Coding regions are shown as solid bars; transcribed spacers, i.e. regions 
transcribed into nonconserved segments or pre-rRNA, are shown as open bars; and nontran-
scribed regions are shown as lines. The transcribed spacers are distinguished as external 
(Em') and internal (ITS). Conventionally, the ITS is thought of as including the coding 
regions for 5.8S and 2S RNAs, the latter only present in D. melanogaster but not in X. laevis. 
In b the point of interruption of some of the 28S rRNA regions is indicated. NTS and 
insertions (INS) occur in variable length as indicated by a broken line. 
— 	 1 
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Map of the extrachromosomal rDNA in Tezrahymena. The molecule is a palin-
drome, i.e. it has a center of symmetry as indicated on the figure. Two transcription units are 
directed outward, with the two pre-rRNAs copied from opposite strands. Transcribed spacer 
regions are indicated - - 
Note, maps taken from Longs Dawid(1980) 
elements homologous to the Type 1 insertions also occur in multiple 
copies outside the NO (Dawid, et al. 1981). In D.melanogaster rDNA 
repeats interrupted by Type 1 insertions are interspersed on the X 
chromosome with uninterrupted rDNA, this is in contrast with the 
situation in D.hydei where 90% of the Type I genes are clustered 
(Hawley and Tartof, 1983). The repeats containing the Type II 
insertions are significantly clustered on the Y chromosome, and 
possibly also on the X chromosome in D.melaongaster (Wellauer and 
Dawid, 1978). 
Although insertions sequences constitute the major source of length 
heterogeneity in the rDNA of D.melaongaster, there is also length' 
heterogeneity in the non-transcribed spacer sequence of about 3.5 kb. 
As in X.laevis, the non-transcribed spacers are internally redundant, 
and are very similar in the X and Y NO (Wellau.er and Dawid, 1978). 
In addition to the 2S rRNA, D.melanogaster is also unusual in 
that the 28S rRNA gene contains an IVS, and the 28S rRNA has a break,. 
laàking 120 nucleotides present in the rDNA 01eliauer,and Dawid, 1977). 
Although unusual these features are not uncommon. I have previously 
mentioned the presence of extra small RNAs in Trypanosomes and Algae; 
the presence of a, break in the large rRNA has also been noted in 
Leishinama donovani (Leon, et al. 1978), Trypanosomes (Cordingley and 
Turner, 1980; Castro, et al. 1981), Plasmodium berghei and P.chabaudi 
(Miller and Ilan, 1978; DaSilveira, et al. 1983). 	Maturation of 
the 26S rRNA of Tetrahymena pyriformis also results in a break to 
give two fragments (Eckert, et al. 1978). As well as IVS in Drosophila, 
interrupted large rRNA genes are observed in some strains of Tetrahymena 
(Wild and Gall, 1979), and Physarum, which is unusual in having two 
24. 
IVS (Campbell et al. (1979)) . Surprisingly the mitochondrial rRNA gene 
of Neurospora crassa, and the chioroplast gene of Chlaxnydomonas 
reinhardii also contain an IVS (Hahn, et al. 1979; Rochaix and 
Malnoe, 1978). 
The possession of a Type I interruption in the 28S rRNA gene 
in D.melanogaster renders that gene transcriptionally inactive 
(Long at al. 1981), whereas Type II IVS genes are variently 
transcribed, though at a low level (Kidd and GLover, 1981). Since 
all the rRNA genes of P.polycephalum contain IVS, they are obviously 
expressed. In Tetrahymena the rDNA of some species such as T.thermophila 
contain an IVS which is transcribed and then spliced out, while the 
rDNA of other species such as T.pyriformis contain no IVS. The 
T.pigmentosa species is heterogeneous, only some strains having an 
IVS in the rDNA (Wild and Gall, 1979; Din et al. 1979). 	The 
removal of an IVS has been best-studied in Tetrahymena, and will 
be discussed later together with transcription and processing of 
rRNA genes. 
ExtrachrolflOSOmal rDNA occurs quite frequently in unicellular 
eukaryotes. In T.pyriformis the micro nucleus contairs only a 
single integrated copy of the ribosomal genes (Yao and Gall, 1977). 
In the macro nucleus this single gene is excised and amplified 
on a linear extrachromosomal palindromic DNA molecule that contains 
two copies of the rRNA genes (Fig. 1.3 and Pan and Blackburn, 1981). 
A repeated hexanucleotide C 4 A 2 
 is present at or near the free ends 
of these palindromes, it is also found in the micronucleus , and is 
believed to be involved with the chromosome breakage that generates 
the excised copy (Yao and Yao, 1981; Blackburn and Gall, 1978). 
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The excised copy is first replicated as a single 11 kb molecule, 
which is subsequently replicated to form palindromic rDNA molecules. 
This replication results in the loss of 0.3 kb of DNA from the end 
that becomes the centre of the palindrome, and the resultant 
molecule has the hexanucleotide C 4 A 
 2 repeated at its termini (Pan 
and Blackburn, 1981). 
Palindromic rDNA occurs in several unrelated organisms such as 
P.polycephalum (Campbell, et al. 1979), and D.discoideum (Cockburn, 
et al. 1978). A different structure occurs in Paramecium tetraurelia, 
here the rDNA is in both linear and circular extrachromosomal molecules 
(Findlay and Gall, 1978). In another ciliated protoxoan Oxytrica 
fallax, the rDNA in the macronucleus is extrachromosomal, but 
O.fallax is a special case, as all the genes in the macronucleus 
appear to be amplified as single gene-pieces of DNA (Prescott 
and Murti, 1973). Amplified rDNA in oocytes is always extra-
chromosomal, and its properties are discussed below. 
There is a single cluster of 5S RNA genes in D.melaongaster, 
which contains approximately 160 copies of the gene, and is located 
at band 56F on the right arm of chromosome 2 (Wimber and Steffenson, 
1970). In X.laevis the arrangement of 5S RNA genes is quite 
complex. There are two distinct 5S RNA gene families, comprising 
separate tandem arrays; these families have been termed 'oocyte' 
and 'somatic' based on the observation that the former is only 
expressed during oogenesis (Ford and Southern, 1973). The somatic 
5S RNA genes are much less abundant than the oocyte 5S RNA genes, 
which form a large family. In X.laevis these genes occur in 
clusters at the telomeric regions of most if not all chrososomes 
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(Pardue, et al. 1973). 
Amplification of rDNA is a common feature of oogenesis, where 
it is thought to provide sufficient DNA templates for the large 
accumulation of ribosomes in oocytes. Amplified DNA in X.laevis 
occurs in large circles containing many hundreds of repeating units, 
which are homogeneous in length. As chromosomal rDNA is hetero-
geneous in length, this implies that a single repeat is amplified 
(Wellauer, et al. 1976). I have already discussed a particular case 
of rDNA amplification which takes place in Tetrahymena, where the 
rDNA genes in the macronucleus are amplified on extrachromosomal 
palindromes (Yao and Gall, 1977). 
Dosage regulation of rDNA genes is exhibited by both Xenopus 
and Drosophila somatic cells. In X.laevis heterozygous anucleolate 
females lacking a NO accumulate the same amount of amplified rDNA 
in their oocytes, as do wild-type frogs, even though their somatic 
cells only have half the number of genes (Perkowska, et al. 1968). 
In the polytene chromosomes of salivary glands of D.melaongaster 
the hetero chromatin containing rDNA is under-replicated compared 
to the euchromatin. This results from only the rDNA of the Y 
chromosome NO being replicated (Endow and Glover, 1979). 
- Since the Y NO can be replicated independent of the X NO, this may 
explain the 'compensation' described by Tartof (1971). He observed 
that when flies lacked a copy of the X NO, they compensated for this 
loss of rDNA by increasing the remaining rRNA genes. 
Drosophila also exhibit another mechanism of varying the rDNA 
content. If the genome contains less than half the normal number 
of rDNA units, rRNA synthesis is inadequate and a mutant, bobbed (bb) 
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fly develops, which phenotypically hal& shorter bristles. This loss 
of rDNA can be made up, by a process which Ritossa (1968) termed 
'magnification'. The ability to be able to magnify the rDNA is 
heritable, but the underlying mechanism of magnification is not 
known. 
I have previously cited that the rRNA genes are transcribed 
by RNA polymerase 1(A) (Chambon, 1975). Sequences that promote RNA 
pol I transcription have yet to be identified, but deletion, in vitro 
transcription, and sequencing studies of mouse (Miller and Sollner-Webb, 
1981), Drosophila (Kohorn and Rae, 1982), 
Xenopus (Bakken, et al. 1982) and yeast (Verbeet, et al. 1983), reveal 
that information essential for the initiation of rRNA genes is 
present within the region ca. -200 to +100, 'where transcription begins 
at +1. This implies that the promoter for RNA p01 I lies in the non-
transcribed spacer region, and this region has been shown to promote 
in vitro transcription of both Drosophila and Xenopus rDNA (Kohorn 
and Rae, 1982; Miller and Sollner-Webb, 1981). 
The expression of rRNA genes in eukaryotes is a multistep process. 
It begins with the transcription of a large RNA molecule which serves 
as the precursor of the three (or more) RNA species found in the 
ribosome. The rRNA precursor is assembled into a ribonucleoprotein 
(RNP) particle during transcription. This primary transcript undergoes 
a series of processing steps, including modification of nucleosides, 
and removal of spacer sequences by nucleotide cleavage. In cases 
where the genes possess an IVS, this is also removed by a cleavage-
ligation step, termed splicing. Finally the fully processed rRNP 
is exported from the nucleus to the cytoplasm. 
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The above mentioned processes have been most studied in 
Tetrahymena, and I will summarise here the transcription and 
splicing of the Tetrahymena rRNA precursor. This process has been 
comprehensively reviewed, and the salient points are outlined 
below (Cech, et al. 1982). Electron microscopy combined with 
hybridisation and R-loop mapping of the rDNA showed that transcription 
proceeds bidirectionally from the centre of the palindrome, and 
that the 17S rRNA is transcribed first (Engberg et al. 1976). 
Pulse-chase labelling experiments revealed that the primary transcript 
is a 35S RNA molecule which is rapidly methylated (Eckert, et al. 
1978). Methylation occurs principally in regions that are conserved 
throughout processing, and the primary transcript encodes the 17S, 5.8S 
and 26S rRNAs. The 5' end of the 35S RNA has been mapped (by Si nuclease 
digestion) to a site approximately 110 bp from the axis of symmetry 
of the rDNA, and using the same technique the terminator region has 
been located to approximately 13-15 nucleotides downstream from the 
3' terminus of the 26S rRNA (Niles, et al. 1981). 
After its synthesis, the pre-rRNA (35S) undergoes a series of 
processing events, the first of which appears to be the splicing 
out of the 1vS (when present). In T.thermophiia the IVS is excised 
as a discrete linear RNA molecule, which is subsequently circularised 
(Grabowski, et al. 1981). Since there is no evident delay in the 
processing kinetics of 35S rRNA with and without an IVS, it implies 
that the splicing event is very rapid (Cech and Rio, 1979). The 
next processing step generates the 17S rRNA, which is rapidly 
exported to the cytoplasm, and then the pre-26S rRNA is cleaved 
to give the 5.8S and 26S rRNAs. - 
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The rate of these processing steps appears to be dependent on the 
growth rate of the cells, it decreases 36 fold when the cells are 
shifted to starvation medium (Cech et al. 1982) 
In a temarkable series of experiments Cech and his co-workers 
demonstrated that the splicing of the IVS in T.thermophila is an 
autocatalytic event (Kruger, et al. 1982). A 1.6 kb segment of 
T.thermophila rDNA that included the 413 bp ivs was cloned into a plasmid 
which contained the lac UV5 promoter-operator region. Purified 
recombinant plasmid DNA was transcribed in vitro with E.coli. 
RNA polymerase, and the resultant RNA fractionated by denaturing 
polyacrylamide gel electrophoresis. The linear and circular IVS 
were detected in this way, moreover using deproteinized RNA they 
showed that excision was not dependent on transcription. Incubating 
the linear IVS RNA at 39°C in a buffer containing Mg, they further 
demonstrated that circularisation was independent of any enzyme. 
Since the IVS has no open reading frames, its secondary structure 
is thought to catalyse the autoexcision event. It is noteworthy that 
Tetrahymena 1vS shows structural homology with fungal mitochondrial 
IVS, which themselves appear to be self-spliced (Cech, et al. 1983). 
This relationship suggests a common origin for some nuclear and 
mitochondrial introns, and possibly similar mechanisms for their 
splicing. 
There have already been several references throughout this 
Introduction to Protozoan xiDNA organization. Since protozoan 
rDNA organisation is most germane to the work presented in this 
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Thesis, I will reiterate some of the points whilst considering 
the available data on protozoan rDNA. I shall confine myself to 
the uninucleate protozoa, as those that possess a macronucleus appear 
to have the rDNA almost exclusively on extrachromosomai elements, 
and these have been discussed in some depth. 
The first detailed report on the arrangement of rDNA in 
uninucleate protozoa was that given by Leon, et al. (1978). They 
described the organisation of rDNA sequences in Leishmaniadonovafli, 
where the rRNA genes are present as 166 integrated chromosomal 
copies. The genes were found to be ordered 16S-5.8S-26Sa-26Sb. 
Note that the 26S rRNA has a gap. The authors presumed that the 
order was 5'-16S-26S-3', by comparison with Xenopus. A single repeat 
was shown to be composed of (a) a 16S gene of length 2.12 kb, 
(b) an internal spacer of 1.23 kb, (c) a 26S gene of 4.3. kb with a 
0.587 kb gap, and (d) an external spacer of average length 5.85 kb. 
A number of 160 copies for the rRNA genes has also been determined. 
for L.braziliensis (Villalba and Ramirez, 1982). 
In the Trypanosomatids the. rRNA genes are again integrated 
in the chromosome, and present at approximately 114 copies (Castro, 
et al. 1981). The large rRNA is gapped and a number of small 
rRNA5 are also present (Cordingley and Turner, 1980; Hernafldez, 
et al. 1983). 	The rRNA gene organization has been studied in 
T.brucei (Hasan, et al. 1982) and T.cruzi (Hernandez and 
Castaneda, 1983). 	In T.brucei the length of the rDNA repeat is 
at least 21 kb, and the genes are ordered in the repeat in the same 
general pattern as L.donovani, and again the large rDNA has a gap. 
In T.cruzi 3 of the 5 small ERNAS map within the rRNA cistron, the 
31 
others S4 and S5, map elsewhere independently of one another. 
Hernandez and Castaneda (1983) also report very large spacer DNA 
(>20 kb), this prevented them from discerning whether the rDNA 
repeats were in tandem. There is also no information as to 
whether the rDNA repeats in T.brucei are in tandem, however Hasan 
et al. (1982) report the interruption of the large rRNA gene by a 
mobile element (RIME) that is present at approximately 20 copies in 
the genome. This insertion is believed to inactivate the gene. 
In Plasmodia, apart from the work presented in this thesis, 
there are just two reports from the same authors on the rDNA of the 
mouse malaria P.berghei (Dame and McCutchan, 1983a and 1983b). 
In the 198b paper they report the cloning of a rDNA fragment 
containing part of both the 18S and 28S rRNA genes, and that the 
18S is 5' to the 28S gene. No homology to Xenopus 5S DNA was 
detected, indicating that the 5S RNA gene may be absent in Plasmodia, 
since SS RNA sequences are highly conserved (Long and Dawid, 1980). 
Further interpretation is unfortunately complicated as the rDNA 
cloned had rearranged (the 3' half of the 28S gene had been replaced 
by some other DNA). 	The genomic hybridisations were also 
complicated by cross-homology to contaminating mouse DNA. 
Interestingly rearrangement of rDNA clones has also been reported 
for mouse, due to repeat sequences in the non-transcribed spacer 
(Arnheim and Kuehn, 1979). In their other paper, Dame and McCutchan 
report the number of the rDNA transcription units as four. This 
is a remarkable number, considering that in all other eukaryotes the 
rRNA genes are present in multi-copy (Long and Dawid, 1980).- Further 
more each of the four transcription units appear to be different, 
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and this conclusion was drawn from genomic hybridisation patterns 
displayed to total RNA, and the previously cloned rDNA. They were 
also unable to detect any link between the transcription units. 
These studies suggest that uninucleate parasitic protozoa 
all have their rRNA genes ingegrated in the chromosome, but that the 
precise arrangement of the rDNA sequences differ, such as the number 
of small rfl1'A genes, and surprisingly the number of rDNA copies per 
genome. Analysis of the rDNA sequences of the human malaria 
Plasmodium falciparum constitutes a major part of this thesis work. 
They represent the first detailed analysis of P.falciparum genes 
of known function, and the low copy number reported for P.berghei 
rRNA genes is consistent with the number reported here for 
P.falciparüm, and it appears that Plasmodia may be different from 
other parasitic protozoa in regard to the number of rRNA genes per 
haploid genome. 
1.7 Actin gene organization 
Movement is a fundamental property of living cells. It is 
expressed in such diverse activities as cytoplasmic streaming, 
phagocytosis, amoeboid motion, cytokinesis and mitosis. Electron 
microscopic and immunological evidence has implicated actin in all 
of these processes and myosin in many of them (for a review see 
Clarke and Spudich, 1977). Three types of filamentous structures 
have been identified in eukaryotic cells, microtubules, intermediate 
filaments and microfilaments. 
The principal constituents of all microtubules to date, are 
equal amounts of o- and-tubulin which are assembled as heterodimers, 
and are the products of distinct genes (Luduena and Woodward, 1973; 
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Cleveland, et al. 1978). Microtubules are integral parts of diverse 
eukaryotic subcellular structures, including cytoskeletal elements, 
cilia and flagella, and mitotic and meiotic spindles. Many cells 
also contain structures termed intermediate filaments. This is 
a lce term describing structures which are neither microtubules 
for microfilaments. Prominent examples of this class of filament are 
neurofilarnents of neurones, and glial filaments of glial cells. 
The intermediate filaments are often associated with desmosomes 
(which are involved in attachment between adjacent cells), and as 
a consequence the sub-unit protein of the filaments is sometimes 
termed desmin. Chick smooth muscle desmin has a molecular weight 
of 50,000 and is resolved into two closely related spots by two 
dimensional electrophoresis (Lazarides and Balzer, 1978). 
Cells have a sub-membraneous network of fibres which are identical 
to microfilaments, and the presence of actin within these micro-
filament fibres was revealed by immunofluorescent anti-actin anti-
bodies (Lazarides and Lindberg, 1974). This cytoskeletal network 
is also known as stress fibres, and the involvement of stress 
fibres in the maintenance of cell morphology is graphically 
illustrated in fibroflast cell lines. Fibroblasts are motile in 
culture, and move by 'spreading' over the substratum. The 
organization of stress fibres is related to the ability of a fibroblast 
to spread out and this relationship is reflected in a striking 
manner by the changes that occur when anchorage dependent cells are 
transformed by virus. Using affinity purified anti-chicken actin 
antibody Boscheck et al. (1981) clearly showed that the arrangement 
of stress fibres in chicken embryo cells radically alters during 
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transformation with Rous sarcoma virus. The correlation between the 
arrangement of the cytoskeletal network and the cells morphogy 
suggests that actin is also involved in the maintenance of form. 
Sequencing studies of a number of actins from a range of 
organisms, demonstrated that a 'number of different actins can exist 
in a single species (iso forms ), and that actin is a highly conserved 
protein (Vandekerckhove, et al. 1978 and 1980). The identification of 
different forms of actin in a single species suggested that actin is 
encoded by a multigene family, and the sizes of the actin gene 
families in different organisms are given in Table 1. With the 
exception of yeast ,which has only a single actin gene (Ng and 
Abelson, 1980; Gallwitz and Seidel, 1980), other organisms have 
actin multigene families of varying sizes. There is a general increase 
in actin gene number with genome size and evolutionary complexity, 
although there are exceptions such as D.discoideum which has more 
actin genes than chicken (see Table 1). 
D.discoideum also provides an example in Vch multiple actin 
genes appear to code for the same actin isoform (McKeown and Firtel, 
1981) though none of these genes has been completely sequenced. 
This may not simply be a reflection of a requirement 	a large 
number of genes to produce sufficient actin, since these genes are 
differentially regulated during the D.discoideum life-cycle 
(McKeown and Firtel, 1981). In contrast S.cerevisiae functions with 
only one actin gene, whereas in D.me1gaster, at least 5 of the 6 
genes encode different actin polypeptides (Ng and Abelson, 1980; 
Gallwitz and Seidel, 1980; Fyrberg, et al. 1981) .-- The use of 
probes from the 3' non-coding region of chicken - and y-actin mRNAS 
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Table 1. 	 Actin gene number and organisation 
Organism 	 No. of genes Organisation References 
Saccharomyces cerevisiae 1 - Ng and Abelson (1980) 
(yeast) Gallwitz and Seidel (1980) 
Oxytricha fallax 2-3 - Kaine and Spear (1980) 
(ciliated protozoan) 
Dictystelium discoideum 17 2 linked, others Kindel and Firtel (1978) 
(slime mould) possibly McKeown and Firtel (1981) 
Caenorhabditis elegans 4. 3 genes linked Files et al. 	(1983) 
(Nematode) 
Drosophila melanogaster 6 all dispersed Tobin, et al. 	(1980) 
(fruit fly) Fyberg, et al. 	(1980) 
StrongylocentrotuS purpuratus 11 some linked Durica, et al. 	(1980) 
(sea urchin) Schuler and Keller (1980) 
Chicken >7 >3 dispersed Cleveland, et al. 	
(1980) 
Man >20 partially dispersed Humphries, et al. 	(1981) 
has shown that there are 1$ and 3 y-like actin genes (Cleveland, 
et al. 1980). However, the y-like genes have not been definitely 
shown to code for y-actin. 
In most species it is not clear what proportion of the 
detected actin genes is actually expressed. In the cases where an 
expressed gene has been identified, it has been done by using 5'-
and 3'- non-coding regions of the mRNA (present in the actin cDNA), 
which is highly specific for an individual gene. Such experiments 
show that all the D.melanogaster actin genes (Zulaf, et al. 1981), 
and at least eight of the D.discoideum actin genes (McKeown and Firtel, 
1981) are expressed. A negative result is not conclusive, since 
the gene could be expressed in another cell type, or transcribed at 
a level too low to be detected. 
There are examples where the. gene is known not to be expressed, 
because the gene lacks the regulatory signals (or has internal stop 
signals). These are sometimes known as 'pseudogenes' and 
D.discoideum contains at least one pseudogene (pDdactin 2-sub 2 
which lacks a TATA box (a TATA or Goldberg-Hogness box is a sequence 
believed to be required for efficient initiation of transcription, 
and is located at approximately -30 where transcription starts 
at +1), shows multiple amino acid substitutions and from which 
expression cannot be detected (McKeown and Firtel, 1981). When 
pseudo genes also lack an IVS and regulatory signals they are 
further defined as 'Processed-pseudo genes'. The pseudo gene 
pDd actin 2-sub2is linked to a functional actin gene, pDd actin 2, 
from which it presumably arose by duplication (McKeown and Firtel, 
l98la) 
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Two quite distinct patterns of multigene family organisation 
have been established, with genes being either clustered or dispersed 
in different chromosomal regions (see Table 1). The clustered 
pattern has been demonstrated for D.discoideum (McKeown and Firtel, 
1981), C.elegans (Files et al. 1983), and S.purpuratus (Schuler 
and Keller, 1981), by the isolation of recombinant phage linking the 
genes together. In contrast, in situ hybridisation experiments 
have shown that the six D.melanogaster actin genes are at separate 
chromosomal locations (Fyberg, et al. 1980; Tobin, et al. 1980). 
The actin genes are also dispersed in chicken (Cleveland, et al. 
1980). 
A number of actin genes from a range of different organisms have 
now been sequenced, and this permits comparison for evolutionary 
conserved traits; namely the location of regulatory signals and 
the position of any introns. A good example is D.mel4gaster, 
where Sl mapping has indicated that there may be multiple initiation 
sites for transcription (McKeown and Firtel, 1981). Most eukaryotic 
mRNAs have a sequence at the 3' terminus which is thought to be the 
site for polyadenylation. A polyadenylation signal sequence has 
also been found at the 3' end of the actin genes (McKeown and Firtel, 
1981a). 
With respect to the location of introns, actin genes in most 
organisms are exceptional in that the intron position is highly 
variable both within, and been species (Durica, et al. 1980; 
Fyrberg, et al. 1980 and 1981; Ng and Abelson, 1980; Schuler, 
et al. 1981). In C.elegans although the intron position is conserved 
the intron sequence is not. The intron in gene II is completely 
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different to that of gene I (Files,et al. 1983). The actin genes I 
and II of S.purpuratus each have 2 introns, although the position of 
one is conserved, the other is not (Schuler and Keller, 1981). Finally, 
in D.me1,%gaster both the size and the position of the introns 
vary between the actin genes (Fyberg, et al. 1981). In contrast 
the actin genes of D.discoideunl are unusual in that they do not 
possess introns (Firtel, 1981). 
Earlier in this discussion of actin yenes I referred to the 
observation that D.discoideum actin genes are differentially 
expressed (McKeown and Firtel, 1981). Differential expression of 
actin genes has also been demonstrated in sea urchins, where actin 
synthesis increases with early sea urchin development (Merlino, et al. 
1980). 
Developmental regulation of actin gene expression is also a 
feature of D.me1gaster (Zulaf., et al. 1981). Here actin gene III 
appears to be specific for the thorax, whereas actin gene I is only 
expressed in larvae. 	Furthermore Sanchez, et al. (1983) report that 
2 actin genes, those located at positions 79B (on the 3 L chromosome) 
and 88F (on the 3R chromosome) show similar transcriptional activity 
until the pupal stage, thereafter the 88F genes produce more transcripts. 
Since D.discoideum and S.purpuratus differ from D.melanogaster in 
that their actin genes are clustered, clustering does not appear to 
be a requirement for developmental regulation. Finally Couderc, et al. 
(1983) have recently reported that the expression of the 5C actin gene 
(on the X chromosome) is regulated by ecdysterofle. It remains to 
be shown whether the increase in actin gene expression is specific, 
or reflects on overall stimulation of transcription by ecdysterone. 
The actin genes therefore have been shown to be highly conserved, 
and are usually present as a multigene family. Members of this family 
can be either clustered or dispersed around the genome. Not all genes 
have been shown to be expressed but of those that are, some appear 
to be developmentally regulated. Some actin genes (the majority) 
possess introns, and the number, type and position of these is highly 
variable. The conserved nature of the actin genes, and their 
ubiquity plus the ability to be able to use them as a model system 
for developmental regulation of gene expression, have encouraged me 
to seek actin genes in the genome of P.falciparuin. 
1.8 Purpose of this Thesis 
In the course of this Introduction I have described some of the 
characteristics of 3 classes of sequence. One illustrates a highly 
repetitious class, the second (rRNA genes) are moderately repetitive, 
transcribed but not translated; the third (actin genes) are 
developmentally regulated and code for a protein which is thought to 
have a crucial role in the life-cycle. A need for a better understanding 
of the biology of the human malaria parasite has also been clearly 
demonstrated, and by the study of the above mentioned P.falciparuxn 
sequences, a more complete understanding of the genomic organisation 
of the parasite should result. 
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2.1 Bacterial Strains and Phages 
All bacterial strains and phages used in this study are listed in 
Table 2.1. The yeast strain used S41 has the..genotypemata/MATci, HO/HO 
arg 4.1/arg 4.1, cyh l/cyh 1, and was a kind gift of Dr. Ian. Dawes. 
2.2 Continuous Culture of P.falciparurn 
Growth Medium (Traeger and Jenson 1976) RPM1 Medium 1640 (GIBCO 
Laboratories), 10.4 gms in 900 mis of double distilled water; HEPES 
(Sigma), 6 gms; gentamycin ISigma) 100 mgs. The solution is diluted to 
960 ml and sterilised by filtration through a Millipore filter 0.22 V-  
porosity. This solution may be stored for up to 1 month at 4°C. The 
medium is completed by the addition of filter sterilised 5% sodium bicar-
bonate to 0.2% final concentration. This medium without serum (RP) can be 
stored up to a week in the refrigerator. Complete medium (C.M.) is 
prepared from it by the addition of pooled serum (Blood Transfusion 
Service, BTS) to a final concentration of 10%. 
Culture System - Preparation and Maintenance 
Parasites are cultured in group Orh+ blood (BTS) which has been 
washed three times with RP to remove the buff  coat layer. Each 75 cc 
tissue culture flash (Falcon) contains 10 mls of blood and 50 mls of C.M. 
Parasites are fed by removing spent medium, and adding fresh C.M. every 24 
hr. The parasites are diluted. every 48 to 72 hr. in fresh blood plus C.M. 
(haematocrit of 40%) to give a parasitemia of about 1%. Parasites are 
harvested when the desired quantity of red blood cells has a parasitemia of 
10%. All cultures are grown under an atmosphere of 3% CO 21°2' 94% N2 
(BOC). 
2.3 Extraction of parasite DNA 
Parasitized blood was harvested by centrifugation, washed, and 
resuspended in an equal volume of R.P. To this saponin is added 
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Table 2.1 Strains and Vectors 
Strain/Vector Genotype 
ED8654 supE, supF, hsdR, MF,  S+ , met, trpR 
HB101 ara, arg, gal, hsdS, pro, recA, strR 
NM514 lyc7, hSdR 
BHB 2688 N205 recA (Ximm E't 	, b2, red3, Earn4 , Sam 7 )X 
BHB2690 N205 recA (Ximm £'ts 	red3, Dam15 , s 7 /X 
NMX788* trpE, (att-red) 	, ci ,, nin5, !4o3' -' -7 
NM 1149* Aimm43 , 	(b538) 
pBR3 22 
Reference 
Murray et al (1977) 
Boyer et al (1969) 
Murray, N. M. (1983) 
Hohn (1979) 
Hohn (1979) 
Murray et al (1977) 
Murray N.M. (1983) 
Bolivar et al (1977) 
* Maps, of vectors shown in Fig. 2.1 
to give a final concentration of 0.1%, and the mixture left on ice for 
five minutes. Parasites released from lysed r.b;c. were pelletted at 
10,000 g for 5 mins. washed 3 times in RP., and finally resuspended 
in 3.2 mis of RP. To this 0.8 mis of 0.5M EDTA was added giving a 
final concentration of EDTA of 100 mM. 
Parasites were lysed by sodium lauroyl sarcosine (Sigma) at a 
final concentration of 4%, in the presence of Proteinase K (1 mg/ml) 
(Boehringer). The solution made up to 10 mis. 1 ml of ethidum bromide 
(5 mgs/ml) added, plus caesium chloride to give a density of e = 1.55. 
The DNA was centrifuged to equilibrium at 38K rpm for 48 hrs. 
2.3(b) Extraction of Parasite RNA 
Parasite RNA was extracted by J. Hyde as described by Hyde, et al.11981 
The rRNA species were purified by gel electrophoresis, see RNA gels. 
2.4 Cloning vectors 
The lambda cloning vectors used were either NM788 (Murray et al. 
1977) or NM1149 (Murray 1983) (see Fig.2.1) The plasmid vector was 
pBR322 (Bolivar et al. 1977). 	 / 
2.5 Media and Solutions 
L Broth - Difco Bacto Tryptone, 10 gms, Difco Bacto yeast 
extract, 5 gms;. NaCl 5 gms 1_i, pH 7.2. 
L-agar - Difco Bacto Tryptone, 10 gms; Difco Bacto yeast 
extract, 5 g; NaCl 10 gms; Difco agar 15 gms. per 
litre, pH 7.2 
BBL agar -Baltimore Biological Laboratories trypticase 10 g; 
NaCl 5 g; Difco agar, 10 gms. per litre. 




Lambda vectors. The map at the top of Figure shows some of the 
important genetic markers of phage X, the scale 0-100 represents the 
length of DNA; • is the phage attachment site. The Hindlil (H) 
and EcoRl (E) cloning sites are shown. Given in parenthesis is 
the capacity of each vector. 
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Phage buffer - KH2PO4 , 3 g; Na2 ffPO4 (anhydrous), 7 gins; 
NaCl, 5 g; 10 ml 0.1M MgSO4 ; 10 ml 0.1M Cad 2 ; 
im 1% gelatin solution per litre. 
Bacterial buffer -KH 2PO4 , 3 g; Na2HPO4 (anhydrous), 7 g; NaCl, 4 g; 
MgSO4 7E20, 0.2 g; per litre. 
YEPD - 	 Difco Bacto yeast extract, 10 g; Difco Bacto 
peptose, 20 g; glucose, 2%; per litre. 
TE buffer - 	10 mM Tris-HC1 pH 8.0, 1mMEDTA. 
1 x SSC 	 0.015M tn-sodium citrate, 0.15M NaCl. 
Prepared. as 20 x SSC and diluted as appropriate. 
Phage Dialysis buffer - 10 mM NaCl, 50 MM Tnis-HC1 pH 8.0, 10 mM 
MgCl2 . 
2.6 Plating cells 
Afresh overnight culture of TGL70 or514  was diluted 20-fold in 
100 ml L broth and incubated with aeration at 37 °C until an A650 of 
0.5-1.0.was reached.. The cells were then centrifuged and resuspended 
in an equal volume of 10 m MgCl 2 . Bacteria prepared in this manner 
were stored at 4°C and could be used for up to two weeks. 
2.7. Phage Lambda titration 
The phage stock to be titred was diluted in phage buffer; and 
0.1 ml of the appropriate dilution mixed with 0.1 ml of plating cells. 
2.5 ml of molten BBL top agar was added and the mixture poured on to a 
BBL agar plate. 
2.8 Preparation of lambda DNA 
A single plaque of the. relevant phage was picked in to phage 
buffer, and then plated for confluent lysis on 10 BBL agar plates. 
After overnight incubation the phage in the top agar- were harvested, 
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and the phage eluted from the top agar into phage buffer, the top 
agar being removed by centrifugation at 5000 rpm for 15 minutes. 
This phage stock solution was then titred. The phage were added to a 
250 ml culture of the plating cells when the A 650 was 0.4. The 
multiplicity of infection (moi) was 3. The growth was followed until 
the culture lysed. The bacterial debris was removed by centrifugation 
at 5000 rpm for 15 minutes. The phage were pelleted by centrifugation 
at 18,000 rpm for 3 hours. After removal of the supernatant, the phage 
were resuspended in 10 mis of phage buffer, by gentle shaking overnight 
at 4°C. DNAse I (50 g/m1) and RNAse (100 4g/ml) were added at this 
stage. CsCl was added to the resuspended phage to give a final density 
e = 1.45. The gradient was then centrifuged to equilibrium at 38K rpm 
for 48 hrs. The phage were removed from the gradient by withdrawal 
through the side of the centrifuge tube using a needle and syringe. 
The CsC1 was removed by dialysis against phage dialysis buffer at room 
temperature for 2 hrs., two changes of .11 of buffer being sufficient. 
The phage DNA was extracted using an equal volume of redistilled phenol, 
which had been equilibrated against TE buffer. Three phenol extractions 
were followed by two ether extractions (to remove phenol), and the DNA 
ethanol precipitated. 	The DNA was resuspended. in TE buffer, and 
the concentration estimated. by absorbance at 0D260 . 
2.9 Preparation of plasmid DNA (Humphreys et al., 1975) 
An overnight culture of the plasmid carrying strain was diluted in 
500 ml of L broth (containing ampicillin at 50 mg per litre) and shaken 
at 37°C overnight. Chloroform (5 ml) was added and the culture shaken 
for a further 15 mins. The cells were centrifuged and resuspended 
in 6 ml 25% sucrose, 50 mM Tris-HC1, pH 8.1, 40 mM EDTA. Lysozyme 
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(1 ml of 10 mg/ml solution in sucrose mix) and 1 ml 0.5M EDTA pH 8.0 were 
then added. The mixture was kept on ice for 5 mins, swirling occasionally. 
Thirteen ml of Triton mix (2 ml 10% Triton X-100, 25 ml 0.5m EDTA pa 8.1, 
10 ml 1MTris-HC1 pH 8.1, H 
2 
 0 to 200 ml) were added,. and the solution 
kept on ice for 10 mins. swirling, occasionally. The lysate was 
centrifuged for 30 mins at 15k rpm in a 8 x 50 rotor in a Sorvall 
RCSB centrifuge. The supernatant was decanted and, after addition 
of 0.95 g CaCl and 0.1 ml 5 mg/ml ethidum bromide per ml of supernatant, 
was centrifuged to equilibrium at 38k rpm for 48-72 hours at 18°C. 
The plasmid DNA was visualised.by long wave u.v., and removed by side 
puncture. Ethidum bromide was removed by extraction with an equal 
volume of butan-1-ol, and the CsCl by dialysis against TE buffer. 
Three changes over three hours at 4°C, was sufficient to remove CsC1. 
Concentration of DNA was estimated by absorbance at 0D 260 . 
2.10 Small scale preparation of plasmid DNA 
The method used was.essentiaily that of Birnboim and Doly (1979). 
1 ml,of an overnight culture was centrifuged in a microfuge tube for 
1 mm. The cell pellet was resuspended in 100 iii 2 mg/ml lysozyme, 
25 mM Tris-HC1 pH 8.0, 10 mM EDTA, 50 mM Glucose and left on ice for 
30 mins. AFter addition of 200 .tl of ikaline SDS solution (0.2M NaOH, 
1% SDS), the solution was left on ice for a further 5 minutes. This was 
followed by the addition of 150 L1 of high salt solution (3M sodium acetate 
pH 5.0), and another hour on ice. The white precipitate that formed 
was removed by 5 mins centrifugation in an Eppendorf microfuge. To 
the supernatant 1 ml of cold ethanol was added, and the solution placed 
at -20°C for 30 mins. The DNA was pelleted by 2 mins. centrifugation, 
and then resuspended in 100 41 of 0.1M sodium acetate pH 6.0. To this 
200 41 of cold ethanol was added and the solution placed at -20°C for 
10 mins. The DNA was again pelleted by 2 ruins. centrifugation, dried, 
amd resuspended in 50 41. of TE buffer. Half of this material was 
adequate for restriction, and could be visualised on agarose gels. 
2.11 Ethanol precipitation 
DNA or RNA was precipitated by either ethanol or iso-propanol. 
For the former a 1/10 volume of sterile 3M sodium acetate was added, 
followed by at least 2 volumes of cold 100% ethanol. The mixture was 
placed at -70°C for 15 ruins. The DNA was pelleted by centrifugation 
in a microfuge for 5 mins. After removing the supernatant the pellet 
waswashed in cold 70% ethanol, and then re-centrifuged. For iso-propanol 
precipitation a I vol. of sterile .6M ammonium acetate was added, 
followed by 2 volumes of isopropanol. The solution was left at room 
temperature for 10 mins., then centrifuged for 10 ruins in a inicrofuge. 
The pelleted DNA washed with 70% isopropanol and recentrifuged. 
2.12 Restriction enzyme digest 
All restriction enzymes were purchased from Bethesda Research 
Laboratories with the exception of Hindlil and Pst I, which were 
made in this Department. See Table 2.2 for the buffer. conditions used. 
All digestions were at 37°C with incubation periods of 1-5 hrs. 
Reactions were terminated by heating at 65°C for 10 mins. Reaction 
volumes were from 10 p1-100 41, and multiple digestions were performed 
simultaneously when possible. Otherwise those enzymes demanding. lower 
salt concentrations were added first, followed later by addition of 
the appropriate amount of salt plus final enzyme. 
2.13 Ligation of DNA 




Buffer conditions for restriction enzymes 
Enzyme 	Recognition 
Sequence 
Aval C PyCGPuG 
BamHl GGATCC 
BglII A4'GATCT 
DraI TTT AAA 
EcoRI G4'AA'rrC 
HpaI GTT AAC 
Hindlil A'1 AGCTT 
Pst 1• CTGCA''G 
Sail GTCGAC 
Hincli GTPyPuAc 
Tris-HC1 pH NaCl 
mm mm 
6 7.4 60 
6 7.9 150 
10 7.4 - 
6 7.6 100 
100 7.5 50 
10 7.5 - 
10 7.4 60 
6 1.4 50 
6 7.9 150 
10 7.9 60 
KC1 MgC1 2 DTT* BSA* 
mm mm 5mM 100 4g/ml 
- 10 + + 
- 6 - + 
66 10 + + 
- 6 + + 
- 5 - + 
20 10 + + 
- 7 - + 
-. 6 + + 
- 6 + 1- 
- 6 + + 
* 
DTI' - dithiothreitol 
BSA - bovine serum albumin 
+ PV - Pyrimidine 
Pu - Purine 
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Tris-HC pH 7.2, 1 mM EDTA, 10 mM MgCl 2 , 10 mM dithiothreitol, 0.1 MM ATP. 
Reactions were incubated overnight at 10°C with 10 units of T4 DNA 
ligase. 
2.14 cloning 
cloning into phage lambda. 
The vector and donor DNAs were digested with the appropriate 
restriction enzymes, and mixed to optimise the ratio of arms to 
potential inserts and the concentration of the DNA species (Maniatis et 
(1982) . Molecular cloning)). For NM1149 1 4g of insert was mixed 
with 2 xgs of arms and ligated in 10 41. For NM 788-the arms 
were purified over a. sucrose gradient, and the stiffer fragment 
removed. The cloning of a Hindill library into NM788 has 
previously been described (Goman et al. 1982). 
Subcloning into pBR322 
Plasmid and donor DNAs were digested with the appropriate 
restriction enzymes and then mixed in equimolar amounts to a 
total concentration of 40 4g/ml, and ligated. The ligated DNA 
was then transformed into HBlOI and transformants selected on L 
agar plates containing ampicillin (100 .tg/ml). Transformants 
were screened for the desired recombinantAsmall scale plasmid 
preparations (Birriboim and Doly, 1979). 
2.15 Transformation 
A 500 ml culture of HB101 was grown at 370c with aeration until 
an A650 of 0.4 was reached. The cells were chilled on ice for 10 
minutes, pelleted, resuspended in 200 ml of cold 0.1M CaC1 2 and left 
on ice for 25 mins. The cells were again pelleted and resuspended in 
5 ml of cacl 2 -15% glycerol. 	These cells could be used immediately 
or stored at -70°C. They remain competent for up to two months. The 
transforming DNA was mixed with 50 j.ii of competent cells, mixed, and 
kept on ice for 30 rains. A 2 mm. heat shock of 42°C was followed 
by a further 30 mins. on ice. One ml of L broth was added, and the 
cells grown at 37°C for 1-3 hrs, before plating on selective plates. 
2.16 In vitro packaging of lambda DNA 
Freeze. Thaw Lysate (FTL) 
Three 500 ml cultures of B1m2688 were grown in L broth at 30 0c. 
At A650 0.3 the phage were induced by a 15 mm. heat shock at 45°C. 
The induced bacteria were grown for 1 hr at 37°C, before harvesting 
by centrifugation. They were resuspended in 6 ml of cold 10% sucrose, 
50 m Tris-HC1 pH 7.5, and dispensed into 2 10 ml ultracentrifuge 
tubes. To each tube 75 41 of fresh lysozyme solution (2 mg/ml in 
WAS 0.25M Tris-HC1, pH 7.5), w6re added and the solution mixed well. A 
quick freeze in liquid N 2 was followed by gentle thawing. To each 
tube 7541 of buffer Ml (110.tl 1120, 6 41 0.5 M Tris-HC1 pH 7.5, 300 41 
50 mM spermidine, 100 mM putrescineneutralised with Tris base, 9 41 
lM MgC1 2 , 75 41 0.1M ATP neutralised with NH 4OH, 1 41 -mercaptoethanol) 
added and mixed gently. The.samples were then centrifuged at 
35000 rpm for 35 rains. The-supernatant removed and dispensed in 
50-100 41 aliquots and stored at -70°C. 
Sonicate extract (SE) 
A 500 ml culture of 3HB2690 was grown at 30°C to an A 650 of 0.3. 
The phage induced and harvested as before. The pellet was resuspended 
in 4.6 ml of buffer A (20 mM Tris-HCl pH 8.0, 3 mM MgCl 2 , 0.5% (v/v) 
-mercaptaethanol, 1 mM EDTA, pH 7.0). 	The resuspended cells were 
sonicated without foaming until the suspension was no longer viscous. 
The cellular debris was removed by centrifugation at 6000 rpm for 6 
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mins., and the supernatant aliquoted and stored at -70°C. 
2.17 DNA gels 
Large gels - DNA samples were prepared for electrophoresis by 
adding 10 Ri of loading buffer (10% ficoll, 0.025% bromophenol blue). 
Electrophoresis was through horizontal gel slabs (28 x 14 x 0.5 cm) 
connected by wicks at each end to tanks containing 40 mM Tris, 20 mM 
tn-sodium acetate, 1 mM EDTA adjusted to pH 8.2 with glacial acetic 
acid, and ethidium bromide (500 g per litre). The agarose, which 
had been melted in the same buffer was 0.5, 0.7, 1.0, 1.5, 2.0%. The 
samples were run into the gel at 10 volts/cm and then run overnight 
at 4 volts/cm. Phage Xci 857 DNA restricted with Hindili and/or EcoRI 
— 
provided molecular weight markers. 
Mini gels - Small amounts of DNA (0.05 g - 0.5 Rg) were separated 
using a gel.(lO x 5 x 0.15 cm) made up in Tnis-borate buffer (89 mM 
Tnis, 89 mM boric acid, 25 mM EDTA pH 8.2), containing ethidum bromide 
(500 4g per litre). The electrophoresis was performed under buffer 
at 40 volts/cm, usually for 30 mins. 	In this way aliquots of DNA 
could be checked for restriction, ligation or size. 
2.18 RNA gels 
The RNA was fractionated under denaturing conditions using an 
agarose-formaldehyde gel. The gel buffer (GB) used was 20 mm MOPS, 
5 mM sodium acetate, 1 mM EDTA pH 7.0. Agarose of the required 
concentiatiôn (0.8%, 1%, 1.5% or 2%) was melted in 1 x GB and then 
cooled to 50°C. Formaldehyde was added to give a final concentration 
of 2.2M. The RNA samples were taken up in sample buffer (50% formamide 
2.2 M formaldehyde, 1 x GB) and heated at 60°C for 5 mins. Loading 
buffer (16% ficoll, 0.025% bromophenol blue) was then added and the 
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samples run in at 5 volts/cm. The gel (28 x 14 x 0.5 cm) was run 
overnight at 2 volts/cm. 
2.19 Protein gels 
Proteins were fractionated according to their size using the 
sodium dodecyl sulphate polyacrylamide gel electrophoresS(SDS-PAGE) 
system first described by Laeuim1i (1970). However, in this case 
3.75% stacking and 10% slab running gels were used. A mixture of 
high and low molecular weight. size markers (Pharmacia) gave a range in 
molecular weight from 14,400 to 330,000 daltons. The proteins were 
visualised by silver staining, using the revised, protocol of Morrisy 
et al. (1981). 
2.20 DNA transfer to nitrocellulose 
Southern blots - The method used was essentially that 
described by Southern (1975). The agarose gel was prepared for 
transfer by denaturing in 0.5M NaOH, 1.5M NaCl, and then neutrali-
sing in 1MTris-HC1, 3M NaClpH 5.5.. After soaking for 10 mins. 
in 2 x SSC the gel was blotted overnightrin 20 x SSC. After transfer 
the nitrocellulose was rinsed in 2 x SSC before baking for 2 hr. 
at 80°C under vacuum. 
An alternative method was also used (Smith and Summers, 
1980). In this case the gel was also denatured in 0.5M NaOH/ 
1.5M NaCl, but neutralised in 1M ammonium acetate/0.02M NaOH. 
The transfer requires no wicks, and can be bidirectional if 
required. DNA transfer takes 1 hour at room temperature. The 
filter was rinsed in 2 x SSC and baked at 8GC under vacuum. 
2.21 RNA transfer to nitro cellulose 
Northern blots - The agarose/formaldehyde gel was soaked in 
20 x SSc for 30 mins. The gel was blotted in 10 x SSC as described 
above. After transfer the nitrocellul6se was rinsed in 3 x SSC, air 
dried, and baked for 2 hrs. at 80°C under vacuum. 
2.22 Protein transfer to nitro cellulose 
Western blots - The method used was the electrophoretic transfer 
of proteins from PAGE gels described by Towbin et al. (1979). The 
gel was soaked for 10 mins. in the transfer buffer (192 mM glycine, 
25 mM Tris), to reduce the amount of SDS, before electro-blotting. 
The transfer was carried out at 60 volts (0.3 amp) for 6 hrs. 
2.23 Plaque screening by hybridisation with DNA or RNA probes 
The method used was that described by Benton and Davis (1977). 
The nitro cellulose filter was placed against the BBL plates without 
prior treatment. After 10 mins. the filter was carefully removed, 
and placed on blotting paper soaked in 0.5 NaOH, the surface that 
had been in contact with the plaques being uppermost. After a 
further 10 mins. the filters were placed sequentially in 0.1M NaOH/1.5M 
NaCl, 0.5M Tris/1.5M NaCl pH 7.5, 0.2M Tris/2 x SSC pH 7.5. The 
filters were then air-dried before baking at 80°C under vacuum for 
2 hrs. 
2.24. Nick translation of DNA 
DNA used for probing nitrocellulose filters was labelled with 
ct-32P-dCTP (Amersham), of specific activity 410 Ci/mM (0.8 mC/M1). 
The method employed was essentially that of Rigby et al. (1977). 
Usually 0.5 .ig of DNA were labelled and the activity incorporated 
was 1-10 x 10  cpm/Jig. The incorporated counts were separated from 
the unincorporated by passing the reaction mixture over a Sephadex 
G-50 (fine) column. 
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2.25 Hybridisations 
Whether DNA or RNA was used as a probe against southern-or 
northern blots, the hybridisation was the same. It was 4 x SSC, 50% 
formamide, 0.1% SDS, 1 x Denhardt solution (0.02% BSA 0.02% polyvinyl 
pyrolidoqeo.02% ficoll). When probing for sequences thought to be 
present in low copy number Dextran sulphate (Sigma) was added to the 
hybridisation solution at 5% concentration. The blots were hybridised 
overnight at 37°C on a rotary shaker. After hybridisation the 
filters were washed at 37°C with shaking in 0.1% SDS, SSC (2x, lx, 0.5x), 
4 x I hr. washes. This was followed by 4 x I hrs. washes in SSC (2x, 
lx, 0.5x), before air dryingand exposing. The stringency was varied 
depending on whether a homologous or heterologcus probe was used. Blots 
could be dehybridised by boiling in 0.1 x SSC for 30 mins. and reprobed 
if required. 
2.26 End labelling of RNA by kinase 
RNA to be end-labelled was first hydrolysed to generate sufficient 
ends. Heating for 10 mins. at. 90°C in hydrolysis buffer (5 mM glycine) 
0.01 MM EDTA pH 9.5) yielded RNA fragments of approximately 100 bp. 
After hydrolysis the RNA was ethanol precipitated and resuspended in 
buffer (70 MM Tris-HC1 pH 8.1, 10 MM MgC12 , 50 mM KC1, 5 MM DTr, 
1 mM spermidine). Addition of ATP (0.01 mM) and 5 units of poly -
nucleotide kinase (P.L. Biochemicals) was followed by incubation at 
37°C for 1-3 hrs. The incorporated counts were separated from the 
unincorporated by passage over a Sephadex G-25 column. The column 
having first been treated with the RNA5e inhibitor diethyl pyro-
carbonate (Sigma) at 0.2% concentration. 
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2.27 Immuno detection of actin on Western blots 
The technique used was enzyme linked immunosorbant assay (ELISA) 
described, by Towbin et al. (1979). The western blot was first incubated 
with 10% egg albumin, (Crude powder grade II Sigma) 0.15M NaCl 0.01M 
Tris pH 7.4 for 1-3 hrs. Then it was washed for I hr in 0.15M NaCl, 
0.01M Tris pH 7.4, with multiple changes, before incubating with the 
ratczyeast actin (a kind giftof John Kilmartin). The antibody (Ab) 
incubation buffer was 0.15M NaCl, 0.01M Tris pH 7.4, 5% egg albumin. 
After 1 hr. incubation, the filter was again washed and the rabbit ci. 
rat (Miles-Yeda) added at .a 1:500 dilution. A furtherl.hr incubation 
was followed by another I hr wash before the last Ab was added. This 
was goat crabbit IgG conjugated with horse radish peroxidase (Miles-Yeda). 
The final incubation was for 1 hr, after washing the western blot was 
stained with 500 41 of imidazole buffer pH 7.4, 250 p.1. o-dianisidine 
dihydrochioride, 50 41 hydrogen peroxide (Sigma) 4.2 .mIs. of H 20. 
A brown colouration develops within 10 mins where the original Ag (actin) 
was located. 
2.28 Extraction of DNA/RNA from agarose gels by electroelution 
The fragment to be electroeluted was visualised under uv, and 
excised from gel. The piece of agarose containing the fragment was 
placed inside dialysis tubing and electrophoresis buffer added sufficient 
to cover agarose. The clipped dialysis sack was placed under electro-
phoresis buffer and electroeluted at 300 volts for 2 hrs. The agarose 
was removed, the tubing resealed and electrophoresis continued for a 
further 10 mins. in the opposite polarity. The buffer was removed 
from tubing, given a phenol extraction to remove traces of agarose, 
and then ethanol. precipitated. 
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2_29 Mapping of multiple sites for a single enzyme 
The method used was based on that described by Smith and 
Birnsteil (1976). The pBR322 recombinant was restricted with BamHl and 
the end 'filled in' using.the Kienow fragment of DNA polymerase 
(Boehringer). The 3' end labelled fragments were then partially.digested 
with Dral (NBL enzymes), and fractionated over 0.7% agarose gel. 
Since the Dral sites in pBR322 were known, the partials due to the 
prasrifid were easily distinguished from those derived from the insert. 
Only those partials with a common 32P-labelled 3' terminus were seen, 
when the dried down gel was autoradiographed. 
2.30. Gel photography 
Gels were photographed under short wave uv light using Ilford H25 
professional 5" x 4" sheet film, and a red filter. Exposure was for 
30 secs. followed by 5 mins. in Ilford Microphen developer. The 
relative mobilities of the DNA fragments were measurdirect1y from the 
negative. 
2.31 Auto radiography 
Autoradiography was performed using CRONEX 4- X-ray film, cassette 
and lightning plus intensifying screens. The cassettes were stored at 
-70°C, for the appropriate time. 	 . 
2.32 Electron Microscopy (Highton, et al. 1975) 
The phage A clones were partially denatured in a sodium hydroxide/ 
formaldehyde solution for 90 secs. at 27°C. The DNA was spread on a 
hyperphase of 5M formamide. The single stranded size marker was M13 
(Denhardt et al. 1978) and the double stranded size marker was pAT153 
(Twigg et al. 1980). 
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CHAPTER 3 
STRAIN VARIATION CHARACTERISED BY 
THE ORGANIZATION OF A CLASS OF 
REPETITIVE DNA 
3.1 Introduction 
3.2 Results and discussion 
3.3 Conclusions 
3.1 Introduction 
It has been known for many years that striking changes occur in 
the physical properties of DNA when a solution of it is heated. This 
denaturation or melting of DNA represents the disruption of the double 
helix into its complementary single strands (Marmur et al. 1963). The 
process is characterised by the temperature of the midpoint of 
transition, Tm, which is also described as the melting temperature. 
When denatured DNA is cooled slowly, a substantial proportion of the 
original duplex reforms, this process is described as renaturation. 
The reassociation of complementary single strands can be assayed either 
by the amount of double stranded DNA retained on a hydroxyapatite 
(HAP) column, or by absorbtion of ultraviolet light. The rate of this 
reassociation follows second-order kinetics, and is given a rate 
constant k (Wetmur and Davidson, 1968), such that 
Cot = 
where Co is the initial DNA concentration and t is the time 
required for half the DNA to be reassociated. Reassociation of DNA 
is usually followed in the form of a Cot curve, where the fraction of 
that which remains single stranded (C/CO) or the fraction that has 
renatured (1_C/Co) is plotted against the log of the Cot (Britten 
and Kohne, 1968). 
Cot analysis of eukaryotic genomes has revealed them to be 	- 
composed of 3 reassociating components (for review see Davidson et al. 
1975). The slow component that renatures at high Cot values, usually 
represents approximately 60% of the genome, and comprises non-repetitive 
or unique sequences. An intermediate component renatures over a range 
of Cot values, corresponds to approximately 20% of the genome, and is 
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made up of middle repetitive sequences. Finally there is a fast 
renaturing component composed of highly repeated sequences that has 
the lowest Cot values. There is obviously some degree of overlap 
between the moderate and highly repetitive components of the genome. 
In Plasmodia to date Cot analysis has only been performed on 
P.berghei and P.falciparum (Chance et al., 1978; Dore et al., 1980; 
Dore et al., 1983 and Hough-Evans-et al. 1982). These studies reveal 
that both P.berghei and P.falciparum possess DNA of 3 reassociating 
components, i.e. the genome of Plasmodia comprises unique moderately 
repetitive, and repetitive sequences. In P.berghei the repetitive 
proportion was estimated at 18% (Dore et al., 1980), whereas in 
P.falciparum it was estimated at 10% (Hough-Evans et al. 1982). This 
discrepancy is probably due to the fact that Hough-Evans et al. 
observed an initial reassociation of 9%, which they ignored since they 
also observed an initial reassociation of 5% (as defined by binding 
to the HAP column) in the E.coli standard. The observation of 
approximately 20% repetitive DNA has also been reported for 
P.falciparum (Goman et al. 1982). This rough estimate was derived 
from the proportion of a genomic library of P.falciparum cloned into 
phage A (AHPF8), which rapidly hybridised to radio-labelled total 
parasite DNA. One of the .clones identified in this way, APFH8rep20, 
was used here to examine strain variation at the genomic DNA level. 
Variation between and within strains of P.falciparurn, has been 
characterised previously using biochemical and immunological markers 
(Wilson, R. J. M. 1980; Tait, A. 1981; McBride, et al. 1982), and 
genetic variation in malaria parasites has been recently reviewed 
(Walliker, D., 1982). The salient details are outlined below. 
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The two principle requirements for a conventional type of genetic 
analysis are controlled matings between strains of the organism 
concerned; and the availability of stable genetic markers 
differentiating the strains. Note that since a mosquito is allowed to feed 
on gametocytes 	from the two different strains, as it is technically 
difficult to use just male and female qametocytes from each strain, a 
certain degree of self as well as cross fertilization occurs. 
A certain number of recombinants will therefore be of parental type. 
For genetic markers, extensive use has been made of different forms 
of enzymes as revealed by their mobility when subjected to electro-
phoresis. The use of these and other markers demonstrated that 
Plasmodia undergo a eukaryotic type of life cycle, the blood forms 
being haploid. The enzyme studies showed that a considerable 
degree of random mating occurs in populations of a single species, 
allowing new types of variant forms to arise readily. 
• 	An interesting new observation is that a single strain of 
P.falciparum is capable of displaying different forms of antigenic 
determinants (Hommel et al. 1983). This type of antigenic variation 
has been known for some time in P.knowlesi (Brown et al., 1965). 
Both cases concern antigenic determinants on the surface of infected 
erythrocytes. In P.falciparum it is not clear whether the antigenic 
determinant is parasite encoded, or results from parasite modification 
of an erythrbcyte antigen, since its presence was detected by 
fluorescent antibody only. In P.knowlesi the antigenic determinants 
are parasite encoded, and the major variant antigens (210,000 and 
190,000), have recently been identified (Howard et al., 1983) . It 
has yet to be determined if the alteration in size of the variant 
antigen is a consequence of expression of antigens of different size, 
or a difference in modification of a single antigen. The work reported by 
Hommel,.et_al.(l983is.the first indication that P.falciparum may be 
capable of varying the expression of particular antigenic determinants. 
However, the full implications of this observation can only be assessed 
after the antigens involved have been identified and characterised. 
An understanding of strain variation and expression of parasite 
antigens, is important in research aimed at recognition of clinically 
important antigens as a prelude to the development of a vaccine 
against malaria. The aim of the work presented here was to establish 
if it is possible to correlate strain variation with an alteration in 
the genomic organization of P.falciparum. 
3.2 Results and Discussion 
The construction of a genomic library from the Gambian strain 
of P.falciparum HG13 (Butcher 1981), in phage lambda has previously 
been reported (Goman et al. 1982). This library was constructed 
from DNA extracted from an asynchronous in vitro culture of asexual 
inter, erythrocytic blood stages of P.falciparum. Three clones 
containing repetitive DNA were identified and isolated from the 
library by their strong homology to total parasite DNA labelled 
with 32'P-containing dCTP by nick-translation (see Methods 2.24). 
Since a clone containing repetitive DNA, unlike those with unique 
sequences, should readily find homologous, labelled molecules in 
the probe and become heavily labelled itself (Goman et al. 1982). 
Three clones were selected for further study, and were found to 
have inserts of 7.0 kb, 5.0 kb and 7.1 kb. All three clones cross 
hybridise to each other, and XPFH8rep13 (5.0 kb) was shown to be 
more than 70% A+T (Bone et al., 1983) . One of these clones 
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APFH8rep2O (7.1 kb) was used in the study presented here. Its 
parasite DNA insert has recognition sites for BglII and HpaI, 
but no sites for BamHl, Sail, PstI, and EcoRl (M. Goman, pers. comm.). 
When genomic DNA extracted froi xi P.falciparuin, was digested with 
Hindlil, and fractionated on a 0.7% agarose gel, a large number of 
discrete bands are seen, indicating the presence in P.falciparum of 
repetitive DNA (Fig. 3.1). Although the pattern is very complex 
differences can be observed between the two isolates (parasite lines 
derived from separate patients) compared. Both isolates are from 
Thailand but one, Ki (Thaithong et al. 1981), is resistant to the 
anti-malarial drug pyrimethamine, and is shown in track 3. The 
other, Tak9 (Rosario, 1981) is sensitive to pyrimethamine, and is 
shown in track 4. 
When the DNA is transferred to nitrocellulose and hybridised 
with XPFH8 rep 20, a finite number of bands are observed (tracks 5 
and 6), moreover dramatic differences can now be seen between the 
two isolates (compare tracks 5 and 6). These differences must be 
due to sequences homologous to XPFH8rep20 having different genomic 
environments in the two isolates, i.e. the sequences, and/or their 
locations are not conserved. When the same DNA was hybridised to 
pPFribl (see Chapter 4) an identical pattern of hybridisation is 
observed (tracks 7 and 8). This pattern of hybridisation is 
always observed when pPFribl is hybridised to Hindlil digested 
genomic DNA (see Chapter 4), and allows one to conclude that the 
difference in the hybridisation patterns for Tak9 and Kl reflect 
differences in the isolates, and are not a result of partial 
digestion by Hindill. 
The data presented so far demonstrate that XPFH8rep2O can recognise 
variation between two isolates of P.falciparum. However isolates have 
previously been shown to contain several different genetic types of 
parasite. Rosario (1981) prepared clones from the isolate Tak9 
(T9), and showed that while the original uncloned material exhibited 
a mixture of several enzyme variants, single clones showed only one 
form of each enzyme. These and other clones of T9 have been examined 
for variation in other characters 1) proteins, 2) drug susceptibility, 
3) antigens, 4) knobs on infected erythrocytes 5) electrophoretic 
variants of iso-enzymes (Thaithong et al. 1983). 	This offered a 
unique opportunity to compare the hybridisation pattern of XPFH8rep20 
to their genomic DNA, and to see if this could be correlated with the 
other parameters of variation. 
Genomic DNA was extracted from 6 clones of T9, digested with a 
set of restriction endonucleases and fractionated on agarose gels. 
After transfer to nitrocellulose the DNA was hybridised with 
labelled XPFH8rep20 and pPFribl. Hybridisation with pPFribl was 
included as an assay for limit digestion, as its pattern of 
hybridisation to genomic DNA5 restricted with these enzymes is known 
(see Chapter 4). Genomi.c DNA from the 6 clones of Tak9 werb first 
restricted with Hindill and fractionated on a 0.7% agarose gel 
(Fig. 3.2). Note that some of the genomic DNAs were poorly digested 
particularly clone T9.96 (tracks 2 and 9). This was confirmed by 
hybridisation with pPFribl (Fig. 3.3b), compare the pattern with 
that in Fig. 3.1 tracks 7 and 8. Inspite of the poor restriction 
T9.94 (Fig. 3.3a track 1) is clearly different from T9.106 
(track 6), and both differ from T9.97 (track 3) and T9.102 (track 5). 
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Fig. 3.1 
Gel and hybridisation analysis of total P.falciparum DNA. 
Compared are DNA extracted from two different P.falciparum isolates, 
Ki (tracks 1, 3, 5 and 7) and Tak9 (tracks 2, 4,. 6 and 8).. Tracks 
1 and 2 show unrestricted total DNA. Tracks 3 and 4 show Hindlil 
digests. The fractionated DNA was transferred to nitrocellulose 
and hybridised to either the repetitive clone XPFH8rep20 (tracks 5 
and 6) or the ribosomal RNA clone pPFribl (tracks 7 and 8). The 
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The same clones of T9 were then restricted with EcoRl and 
fractionated on a 0.7% agarose gel (Fig. - 3.4). Again the DNA from 
T.9.96 was poorly digested (tracks 2 and 9) as well as T9.94 (tracks 
1 and 8). The other appeared to have been digested to completion, 
and this was confirmed by the hybridisation pattern shown to pPFribl 
(Fig. 3.5b). 	The pattern of hybridisation shown to APFE8rep2O 
(Fig. 3.5a) is quite significant. All clones displayed an 
identical pattern with the exception of track 2 where some EcoRl 
partials are seen. The majority of hybridisation was to high 
molecular weight fragments poorly resolved by the gel system used. 
XPFH8rep20 also showed homology to a fragment of approximately 11 kb 
whose size was invariant in the 6 clones examined. The presence of 
this fragment is dependent upon restriction as no homology is seen 
in that region when unrestricted DNA is probed with XPFH8rep20 
(Fig. 3.7a, track 6). The low degree of hybridisation to the 
unrestricted DNA is probably due to poor transfer to nitrocellulose. 
of this very high molecular weight material. The significance and 
possible interpretations of this observation are discussed in Section 
3.3. 
Finally genomic DNA from 5 of the clones was restricted with 
the enzyme Dral. This enzyme was chosen as its recognition sequence 
is TTT AAA , and considering that the genome of P.falciparum has an 
A+T content of 81% (Goman et al. 1982; Pollock et al. 1982) , was 
expected to cut at high frequency. As predicted the bulk of the 
genomic DNA was reduced to fragments of small size (Fig. 3.6), 
surprisingly a number of discrete high molecular weight fragments 
were generated. Transfer of this DNA to nitrocellulO.se and 
sp 
Fig. 3.4 
Ethidium bromide stained gel of EcoRl digestions of clones 
of T9. 
Track 1 T9. 94 
2 	T9. 96 
3 	T9. 97 
4 	T9. 99 
5 	T9. 102 
6 T9. 106 
7 Hin uI A DNA size marker fragments. 
Tracks 8-13 are a direct repeat of tracks 1-6. 














Autoradiograph of Southern transfer of gel in Fig. 3.4. 
Panel A: hybridised to XHPF8rep20. Note extra bands 
observed in track 2, are due to partial digestion. Note also common 
band on invariant size. 
Panel B: hybridised to pPFribl. Hybridisation pattern 
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Fig. 3.6 
Ethidium bromide stained gel of Dral digestions of clones of 
T9. 
	
Track 1 	T9. 94 
2 	T9. 96 
3 	T9. 97 
4 	T9. 99 
5 	T9. 106 
6 	undigested T9 
Tracks 8-12 direct repeat of tracks 1-5. 
Track 13 HindIll ADNA size marker fragments. Note line across 
gel is an artifact introduced during photography. 
Fig 3.6 










hybridisation with XPFH8rep2O revealed that it is to these high 
molecular weight fragments that homology is observed (Fig. 3.7). 
The pattern generated by the restriction enzyme Dral most clearly 
differentiates between the clones of T9. The patterns reveal that 
T9.94, T9.96 and T9.106 are clearly different (tracks 1, 2 and 5), 
whereas T9.97 and T9.99 appear to be related (tracks 3 and 4). 
A longer exposure of the same blot identifies more differences 
between lower molecular weight fragments, and the pattern observed 
when ppFribl is used as a probe indicates that the digest was 
complete (Fig. 3.8). Although the differences between the clones 
of T9 may be more clearly revealed by the use of some other 
restriction endonuclease, those demonstrated by Dral are 
adequate to differentiate between clones of a single isolate. 
3.3 Conclusions 
As noted previously these clones were also being characterised 
by Thaithong and her co-workers using a different set of parameters. 
With kind permission a summary of their results is presented in 
Table 3.1, note that clone T9.99 is not included in the table. 
Depending on the response of each clone to the 5 different parameters 
used to assay for variation, each was assigned to a clonal type. The 
clones used in this study are circled. 
The important observation from the hybridisations with XPFH8rep20 
is that there is perfect correlation between the genomic hybridisation 
analysis and the other assays of variation. This is illustrated by 
T9.99, which was identified by the Dral pattern to XPFH8rep20 as being 
the same as T9.97. 	Subsequent work, by Walliker et al. (pers. comm.) 
has confirmed that T9.99 and T9.97 show the same variation in enzymes, 
61. 
Fig. 3.7 
Autoradiograph of Southern transfer of gel in Fig. 3.6. 
Panel A: hybridised to XPFH8rep20. Note clear differences 
in hybridisation patterns, with the exception of tracks 3 and 4. 
Panel B: hybridised to pPFribl. Note at exposure presented 









A longer exposure of the autoradipgraph presented in Fig. 3.7. 
Panel A: this exposure reveals further differences between 
low molecular weight fragments, compare tracks 1 and 5. Note also 
-that homology is only detected to unrestricted-T9 DNA track 6. 
Panel B: hybridisation to pPFribl now observed. Pattern 
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The reference numbers of the cultures are given as they appeared 
in the dilution cloning experiments (Thaithong et al. 1983). The 
enzymes shown are glucose phosphate isomerase (GPI) )EC5.3.1.9); 
adenosine deazninase (ADA) (Ec3.5.4.4); peptidase '(PEP.) (EC3.4.11 or 
13). The numbers refer to variants of each enzyme. Drug, susceptibility 
values refer to minimum inhibitory concentration (MIC) in molar (M) 
units. Antigen diversity is shown by indirect iminunofluorescence 
teSt with ten monoclonal antibodies. Presence or absence of reaction 
is indicated by + or - respectively. -1+ indicates mixtures containing 
a small (ca.) 2% proportion of + parasites. Knobs: presence or 
absence is indicated by + or - respectively. Proteins by 2D gel 
electrophoresis; A-K are six selected protein spots on the 2D gels, 
the numbers refer to variants (see Thaithong, at al., 1983). The 
inferred 'clone-types' are indicated by a roman numeral, and 
indicates clones which are alike in all characters observed. 
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drug susceptibility, antigens, possessions of 'knobs', and enzyme 
variants, and have been assigned the same clonal type. Note that 
T9.99 and T9.97 are not pure clones and are mixtures of clonal 
types II and III. 
The evidence presented here, although preliminary, raises 
interesting questions about the genetic basis of the observed variation 
between strains of P.falciparum. The process underlying the 
variation in hybridisation patterns of XPFH8rep20, has at least 3 
possible explanations. The first is that APFH8rep20 is a transposable 
element which transposes at high frequency. Transposition elements 
are known to exist in eukaryotes, in yeast there are about 35 copies 
of the transposable elementTyl per genome, and their chromosomal 
distribution differs between strains (Camerofl et al. 1979). 
According to this view the insertion of XPFH8rep20 at different 
points within the genome of P.falciparum, results in differing 
patterns of hybridisation between the strains compared. 
In one case APFH8rep20 is inserted into a piece of repetitive 
DNA defined by EcoRl sites, which are conserved and 11 kb apart. 
This is the invariant 11 kb fragment identified by XPFH8rep20 in 
all clones. In the majority of cases APFH8rep20 is inserted in 
EcoRl fragments of high molecular weight. Note that APFH8rep20 itself 
does not possess EcoRl sites. 
If the frequency of transposition were high enough it should 
be possible to detect it in the following way. A pure clone of 
P.falciparum could be maintained by in vitro culture of the asexual 
blood stages. At various points over a time course, a proportion 
of the parasitescould be harvested, their DNA extracted, and the 
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hybridisation pattern of XPFH8rep20 determined. Variation in the 
pattern would indicate that transposition had occurred. It is evident 
that only a high rate of transposition in the blood stages. could be 
detected in this way) however, using essentially this protocol, 
transposition of Tyl was detected in yeast (Cameron et al., 1979). 
The observation that T9.97 and T9.99 give identical hybridisation 
patterns, even after continuous in vitro culture of the pure clones, 
argues against this hypothesis. 
A second possibility is suggested by the copia family of elements 
in Drosophia (for review see Ruben, G. M., 1983). 	Here XPFH8rep20 
is dispersed around the genome by a transposition event that occurs 
at low frequency. The strain variation shown by the hybridisation 
pattern of XPFH8rep20 is stable, and due to the location of XPFH8rep20 
at different sites wit1the genomes of the strains compared. The 
observation that strain differences are observed with both Hindill 
and Dral, make it difficult to accept restriction site polyiiiorphism 
as an explanation for the variation in hybridisation pattern. In 
depth analysis of the invariant 11 kb EcoRl fragment may reveal 
whether XPFH8rep20 is part of a transposable element (e.g. by the 
possession of direct repeats at its termini), this 11 kb fragment 
should be readily identified in an EcoRl genomic library constructed 
from T9 DNA. 
The third possibility does not have to involve active trans-
position. The heterogeneity between the strains can be explained 
providing sequences homologous to XPFH8rep20 are repeated and 
located at different loci in the genomes of the strains compared. 
Recombination between the strains would then generate the diverse 
63. 
patterns observed. The invariant 11 kb fragment results from the 
occurrence of APFH8rep20 in a repeated stretch of genomic DNA with 
2 conserved EcoRl sites. The majority of homology to high molecular 
weight DNA is due to a lack of EcoRl sites in these regions. Why 
sequences homologous to XPFH8rep20 occur only in stretches of DNA 
bereft of EcoRl sites is unknown at this time. 
The involvement of recombination in strain variation can be 
tested directly. This is most easily done using the rodent malaria 
P.chabaudi, as it is technically difficult to maintain the complete 
life cycle of P.falciparurn in the laboratory. Mice could be 
infected with pure haploid clones of two different strains of 
P.chabaudi, and after the establishment of a reasonable parasitaemia, 
uninfected mosquitos allowed to feed on the gametocytes in the blood. The 
parasites go through sexual reproduction in the mosquito, before it 
is allowed to feed on uninfected mice. The parasite DNA from the 
two groups of mice could be extracted and the hybridisation patterns 
between the pre-meiotic and post-meiotic parasites compared. An 
alteration in the hybridisation patterns would indicate that 
recombination had occurred. 
The evidence presented here suggests that strain variation in 
P.falciparum may be due to transposition of a particular DNA 
sequence, and/or a high frequency of recombination between inter-
breeding strains. A high frequency of recombination can also be 
inferred from the failure to detect any linkage between the 10 
genetic markers so far examined (D. Walliker, pers. comm.). The 
recent demonstration of the variation in an antigenic determinant in 
P.falciparum may be significant in the light of current efforts to 
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produce a protective vaccine to malaria. However, the molecular 
basis of this antigenic variation in malaria has yet to be determined. 
Antigenic variation in Trypanosomes.is known' to be due in some cases 
to transposition to an 'expression site', followed by recombination 
(for review see Borst and Cross, 1982). It is not unreasonable therefore 
to suppose that transposition combined with recombination may have 
a role in antigenic variation in Plasmodia. 
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CHAPTER 	4 
ISOLATION AND CHARACTERISATION OF rDNA 




4.2 	Identification of genomic fragments homologous to rRNA probes 
4.3 	Is 	of rDNA clones from APFH8 library 
4.4 	Mapping of the A+T rich regions by partial denaturation 
4.5 	Physical characterisation of the 4.1 kb and 4.2 kb rDNA 
fragments 
4.6 	Mapping of the rRNA coding sequences in pPFribl and pPFrib2 
4.7 	Isolation and characterisation of a rDNA fragment homologous 
to 28S rRNA from the XRIKI library. 
4.8 	Estimation of the number of copies of the 4.4 kb and 4.2 kb 
fragments in the genome of P.. falciparum. 
4.9 	Conclusions 
4.1 Introduction 
The sequences of eukaryotic genomes can be grouped into 3 classes 
(1) highly repetitive, (2) middle repetitive, (3) unique or single 
copy, as defined by renaturation kinetics. The proportion of each 
varies from organism to organism, the single copy, class ranging from 
50-70%, and the highly repetitive class comprising 10% of the genome 
(for review see Davidson et al. 1975). The remainder of the genome 
is comprised of middle repetitive sequences, a significant proportion 
of which is rDNA. For example the rDNA sequences in Drosophila 
melanogaster (Dm) comprise 2% of the total genome, and 20% of the 
middle repetitive DNA (Spradling et al. 1981). 
Studies on the rRNA genes from a wide range of organisms reveal 
them to be repeated and conserved in their coding sequence. The 
abundance and conservation of rDNA sequences, has made them readily 
accessible for analysis (Long and Dawid 1980). In all species studied 
so far, the major rRNA species of eukaryotic organisms are called 
28s, 18s, 5.8s and 5S according to their approximate sedimentation 
coefficients. The 28S, 5.8S and 5S are found in the large (60S) 
subunit and 18S in the small (40) subunit of the mature ribosome. 
The three larger rRNA species (28S, 18S and 5.8S) are generated from 
a single precursor rRNA molecule (Perry, R. P. 1976). DNA complementary 
to the precursor is subdivided into 5' external transcribed spacer, 
an 18S rRNA gene, an internal transcribed spacer, and a 28S rRNA gene, 
in that order. The 5.8S rRNA gene is located in the internal 
transcribed spacer region. In many organisms rRNA genes are located 
in tandem, separated by a sequence called the non-transcribed spacer. 
In some cases the repeating unit also codes for 5S rRNA, but in 
M. 
general pre rRNA and 5S rRNA genes in eukaryotes are not linked. 
For a more comprehensive review of rRNA see Chapter 1. 
The rRNA genes in P.falciparum were chosen for study since their 
conserved sequence should permit their indentification by homology to 
cloned rRNA genes from another organism. The availability of their 
gene product (rRNA) enables characterisation of their coding regions, 
and the highly conserved nature of these regions allows comparative 
study between P.falciparum and. other eukaryotes. In particular it 
will be of interest to determine whether the rRNA genes are organised 
in the characteristic eukaryotic sequence of 5'-18S-5.85S-28S-3 1 . Is 
this sequence dispersed (like E.coli), or tandemly repeated? In 
addition are the rRNA genes present in multi copy and what is their 
location? Does the copy number vary with development? Furthermore, 
is the 28S gene interrupted, and what kindof rRNA processing takes 
place? The work presented in this Chapter addresses itself to these 
questions. 
4.2 Identification of genomic fragments homologous to rRNA probes 
Previous work in this laboratory (Hyde et al. 1981) has shown 
that the base composition of P.falciparum (P.f.) rRNA is more similar 
to Drosophila melanogaster (Dm) rRNA, than human, Xenopus or E.coli, 
when the G+C content is measured. For this reason the rRNA genes of 
Din cloned into pBR322 were chosen as a potential probe for the rRNA 
genes of P.f. This recombinant plasmid pDm 238/29 was a kind gift 
of Dr. D. Glover. For convenience a map of pDm 238/29 is presented 
in Fig. 4.1. Note that it contains an EcoRl genomic fragment (Din 103) 
encoding the 18s, 5.8S and 28S rRNA genes (Glover et al. 1977). To 




Map of Dm103 showing the arrangement of the lBS and 28S rDNAs 
and indicating its origin from the chromosomal rDNA. Dm103 is 
shown here as a complete repeating unit excised from the chromosomal 
rDNA by cleavage with EcoRl. These sites correspond to the two 
EcoRl sites in pDm238/29. 	Note that the 28S rRNA gene contains an 
intervening sequence (ivs) and that the non-transcribed spacer is 
shown by thicker line. Coding regions are shown hatched. 
Chromosomal rDNA 










rRNA was ftactioncAted 	an agarose/formaldehyde gel., transferred to 
nitrocellulose and probed with 32P-labelled pDm 238/29 (Methods). 
An autoradiograph of the transfer is presented in Fig. 4.2, track 1, 
where it can be seen that there is good homology to both the large 
rRNA subunit (s.u.) and the small rRNA s.u. These s.u's. were 
operationally defined as 28S and lBS due to their co-migration on 
gels with known rRNA standards (Goman et al. 1982). 
It is possible to show which fragments of P.f. genomic DNA 
are homologous to pDm 238/29 and to P.f. rRNA; genomic DNA from 
strain Ki (Thaithong et al. 1981) was digested with a set of 
restriction endonucleases, fractionated on a 0.7% agarose gel 
(Fig. 4.3a) and transferred to nitrocellulo.se . 	The filter was 
first probed with 32P-labelled pDm 238/29 under low stringency 
(2 x SSC) conditions. Certain genomic fragments were identified 
and the autoradiograph is shown Fig. 4.3b. The high background is 
probably due to the low stringency of washing. 
The filter was then dehybridised and probed with parasite rRNA 
end-labelled with polynucleotide kinase (Methods). Characterisation 
of this rRNA appears in Section 4.6. The stringency of the washing 
regime was increased (0.5 x SSC), and the same pattern of 
hybridisation. observed (Fig. 4.4a). To see which if any of the 
genomic fragments visualised were 28S or 18S rRNA specific, the 
blot was again dehybridised and probed with end-labelled 28S rPNA 
(Fig. 4.4b) 
Comparison of these three autoradiographs reveals firstly 
that pDm 238/29 and rRNA give rise to the same hybridisation pattern 
confirming that pDm 238/29 is a good.probe for the rRNA genes of P.f. 
Fig. 4.2 
Autoradiographs of P.falciparum polyA RNA and genomic DNA 
hybridised with pDm 238 /29. pDm238/29 shows homology to both the 
28S and 18S rRNAs. Note that the 5.8S rRNA is not shown for more 
detailed analysis of polyA RNA see Fig. 4.16. When Hindill digested 
genomic DNA is hybridised to pDni238/29 6 fragments are identified 
(numbered 1 to 6). The strongest homology is to fragments 1 (4.4 kb) 
and 2 (4.2 kb). 
FIGA.2 
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Ethidiuin bromide stained gel and autoradiograph of Ki DNA. 
Panel A shows Ki DNA digested with Hindlil (track 2), EcoRl (track 3), 
SalI (track 4) and HpaI (track 5). Size marker fragments (tracks 1 
and 6) are Hindill/EcoRl fragments of X DNA. Panel B is an auto-
radiograph of above DNA hybridised with pDm238/29. Note highest* 
molecular weight fragment in track 2 results from partial digestion, 
as it is reproducibly absent in other Hindill digests of Ki (see 
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Fig. 4.4 
Autoradiographs of gel presented in Fig. 4.3. Southern transfer 
dehybridised and then probed with total rRNA (Panel A) and then 28S 
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Restriction of genomic DNA with Hindlil generates 6 homologous bands. 
The 7th highest molecular weight fragment observed is the product 
of a partial restriction digest, as it is reproducibly absent in 
other Hindill restriction digests (Fig. 4.2, track 2). Secondly, the 
majority of the rRNA coding sequence is located in the fragments 
labelled 1 and 2. Thirdly, the DNA homologous to the rRNA (rDNA) 
contains EcoRi sites; 6 fragments are generated by this enzyme 
(Fig. 4.3b, track 2). The fragments sizes are approximately 6.2, 
7.4, 8.0, 11, 13.5 and 16.0 kb. The strongest homology to pDm 238/29 
is shown by the 13.5 and 16.0 kb fragments. Only the 13.5 kb fragments 
shows strong homology to total rRNA, and this as well as the 8kb 
fragment are the most obvious when 28S rRNA is used as a probe. The 
differences between pDm 238/29 and total rRNA may be due to the 
spacer sequences present in pDm 239/29. 
Most of the hybridisation in the Sail digest is to the 
unrestricted DNA, although some homology is seen to two other 
bands. Either a small proportion of the rDNA contains SalI sites, 
or they occur near the ends of any putative rDNA transcription unit. 
By contrast, in the Epal digest approximately 7 fragments appear. 
They are all of reasonably high molecular weight (m.w.) and 
relative intensity, and show homology to pDm 238/29 and total rRNA. 
Three of these bands are specific for the 28S rRNA probe. 
The salient points from these hybridisations are that (a) pDm 
238/29 is a suitable probe to screen the Hindill genomic library 
constructed in phage A (Goman et al. 1982), as it recognises the 
same fragments as total rRNA. (b) The library can be expected to 
contain 6 HindlIl fragments homologous to pDm 238/29, the strongest 
homology should be to clones containing P.f. rDNA fragments of 
4.4 kb (1) and 4.2 kb (2). Some of . the fragments when isolated will 
contain EcoRl and HpaI sites. 
4.3 Isolation of rDNA clones from XPFH8 library 
The XHPF8 library was constructed from genomic DNA isolated 
from the Gambian isolate HG13 (Butcher, 1981). The Hindlil fragments 
of parasite DNA were sized on a sucrose gradient, and fragments 
ranging in size from 2-12 kb were ligated into the Hindill site of 
NM788 (Goman et al. 1982). The recombinant phage were packaged in 
vitro and plated to fOrm isolated plaques on indicator bacteria. 
The pooled plaques constitute the genomic library XPFH8. 
For screening the library was plated out on TGL70 at a dilution 
yielding approximately 500 plaques per plate. The individual plaques 
containing rDNA sequence were identified by probing with 32P-labelled 
pDm 238/29. Of the 25000 plaques screened six .positives were obtained, 
purified and analysed further. 
The insert sizes of 5 clones were found to be of two types, 
4.4 kb and 4.2 kb. These sizes correspond to the sizes of the 
2 major Hindill fragments in the genomic digest (Fig. 4.3). All 5 
inserts hybridised to pDm 238/29 and one example of each size is 
shown in Fig. 4.5a. One clone XHPF8rib2 contained 2 HindlIl fragments 
of 4.2 kb and 4.1 kb (Fig. 4.5b track 5). The 4.1 kb fragment 
showed no homology to pDm 238/29 (track 6). XHPF8rib2 could be 
the result of cloning 2 unrelated Hindill fragments, or the cloning 
of a Hindlil partial genomic fragment. For this reason XHPF8rib2 




Ethidium bromide stained gel and Southern blot of )PFH8 rDNA clones 
Inserts of two sizes 4.4 kb (track 2) and 4.2 kb (track 3) show 
homology to pDm238/29. A third recombinant contains two Hindlil 
fragments of 4.2 kb and 4.1 kb (Track 5), only the 4.2 kb fragment 
is homologous to pDm238/29 (track 6). Size markers are EcoRl 
fragments of \DNA, radiolabelled (track 1) and stained with 



















4.4 Estimation of A+T rich regions by partial denaturation 
The average A+T content (81%) of P.f. genomic DNA is unusually 
high (Bone et al. 1983; Goman et al. 1982), quite different from that 
of ribosomal RNA (Hyde et al. 1981). These observations would be 
reconciled if the coding regions (of more average nucleotide distribution) 
were interspersed with regions very rich in A+T. Perhaps such region(s) 
could be detected in the rDNA clones. There is a simple way to detect 
A+T rich sequences of DNA cloned into phage A . Under appropriate 
conditions (partial denaturation) such regions form loops visible 
in the electron microscope (Highton et al. 1975). 
The two rDNA clonAHPF8ribl and AHPF8rib2 were partially 
denatured under mild conditions where the arms of phage A remain 
entirely native. Only sequences with an A+T content greater than 
64% will be denatured (Highton et al. 1975; Bore et al. 1983). 
These denaturation loops were measured under the electron microscope, 
and an example of each is shown (Fig. 4.6). Nineteen XHPF8rib2 
molecules, and 16 AHPF8ribl molecules were measured, and their sizes 
with standard deviations are given in Tables 4.1 and 4.2. The 
A+T rich sequence (corresponding to the denaturation loop) can be 
presented graphically: preliminary restriction maps of both inserts 
were also constructed (data not shown), and the combined data are 
summarised in Fig. 4.7. Detailed restriction mapping of both the 
4.4 kb and 4.2 kb fragments appears in Section 4.5. 
Note that APFH8ribl and the 4.2 kb fragments from APFH8ib2 contain 
only a small ( 0.5 kb) stretch of high A+T content sequence. 
Evidence will be presented elsewhere (Section 4.6) to show that this 
A+T rich sequence occurs between the 18S and 28S genes, and corresponds 
71. 
Fig. 4.6 
Electron micrographs of partially denatured molecules of 
PFH8 ribl and PFE8rib2. The molecules were denatured under 
mild conditions where only sequence with an A+T content greater than 
64% is denatured (Highton, et al. 1975, Bone et al. 1983). The 
molecules were spread with both single strand DNA (phage M13) 
and double strand DNA (PAT 153) as size markers (Denhardt, et al. 
1978; Twigg and Sherratt, 1980). Nineteen HPF8rib2 and sixteen 
HPF8 rthl molecules were measured and the sizes of the denaturation 
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Table 4.1. 
Left arm 
of Xin kb 
Partial Denaturation Mapping of 
Denatura- 	Double- 	Denatura- 
tion loop stranded tion loop 
















24.8 2.8 0.4 1.2 4.0 0.4 13.0 
26.1 3.3 0.3 1.2 3.7 0.5 12.6 
26.4 3.0 0.8 1.2 4.0 0.4 14.0 90 
23.4 2.8 0.3 1.0 3.6 0.5 12.5 
27.1 2.2 0.8 1.5 4.1 0.5 14.5 
24.0 4.5 3.6 0.3 13.0 
25.0 3.6 4.0 0.4 13.3 
23.5 4.0 3.8 0.4 12.7 
25.6 1.9 1.2 1.0 	. 4.0 0.4 13.4 
25.3 1.1 2.3 0.4 3.0 0.3 13.4 
24.3 1.8 1.4 1.0 3.9 0.3 13.4 
25.1 1.1 2.5 0.8 4.4 0.3 13.8 
27.0 1.6 1.2 0.8 4.5 0.3 14.2 20 
22.5 2.5 0.4 0.5 	. 3.6 0.3 12.8 
24.1 1.3 0.7 0.8 2.6 0.2 12.6 
22.9 1.3 1.2 - 	 1.2 4.3 0.3 11.1 
24.0 1.7 1.2 1.0 4.2 0.4 13.0 
26.1 1.9 0.8 1.7 3.6 0.4 13.6 
25.2 2.0 1.0 1.3 3.6 0.4 13.0 
mean 	24.8 2.3 1.0 1.0 3.8 0.4 13.2 
s.D. 	1.3 1.0 0.6 0.3 0.4 0.1 0.7 
Table .4.1 (continued) 
Note: The high standard deviations for the denaturation loops 
in the insert proximal to the left arm of A, are due to 
the sizes of the loops varying considerably with the time 
of denaturation. In three molecules the small ds region 
has denatured completely, and is a consequence of it 
occurring between large stretches of A+T rich sequence. 
Table 4.2 Partial Denaturation mapping of AHPF8rib1 
Left arm of A Denaturation 
	Right arm of A 
	
Time of 
and double- 	loop kb 





	 region kb 
24.9 0.3 17.1 
23.2 0.4 15.6 
22.9 0.4 15.1 	 20 
27.1 0.8 17.1 
24.3 0.8 15.6 
22.1 0.5 15.0 
24.1 0.5 17.5 
22.6 0.8 15.0 
23.7 0.5 14.5 
24.1 0.9 16.6 
25.2 0.6 17.1 	 90 
24.5 0.9 16.13 
25.5 0.5 17.8 
24.8 9.4 15.3 
23.2 0.4 14.8 
24.0 0.3 14.4 
mean 	24.1 0.6 15.9 
s.D. 	1.2 0.2 1.1 
Note: Left arm of ANM788 is 22.6 kb. The denaturation loop 
therefore occurs 1.5 kb in from the Hindill site at the end 
of the left arm. 
Fig. 4.7 
Graphical representation of Denaturation-loop analysis. 
Shown graphically are the positions of the denatured regions measured 
under the electron microscope. Also indicated are the positions of 
some restriction sites. 
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to the internal transcribed spacer. Note also that the 4.1 kb fragment 
present in XPFH8rib2, which shows no homology to the rDNA probe, 
contains two A+T rich segments of approximately 2.3 kb and 1.0 kb. 
4.5 Physical characterisation of the 4.4 kb and 4.2 kb rDNA fragments 
The XPFH8 library was constructed from the West African (Gambian) 
strain of P.1. HG13 (See Section 4.3). After its construction the HG13 
strain became unavailable in this laboratory, due to. its dying in 
culture and the failure to revive frozen stocks. As a consequence a 
Thai ioslate Ki (Thaithong et al. 1981) became the standard 
laboratory strain. This strain was originally chosen because it is 
highly resistant to the anti-malarial drug pyrimethainine (Thaithong 
et al. 1981). The genomic digests were therefore performed with DNA 
from the Thai isolate, and the rDNA clones isolated from. the X PFH8 
library are from the Gambian isolate. 
The observation that the rDNA fragments in XPFH8rib1 and 
XPFH8rib2 have the same size as fragments in the Hindlil digest of 
total P.f. DNA, suggest strongly that these fragments are coon to 
both isolates and have been cloned unaltered into the phage vector. 
Confirmation for this conclusion was obtained by restriction mapping 
and comparison of the cloned and uncloned fragments. 
Firstly, BglII sites were mapped in XPFH8rth1 and XPFH8rib2 
(see Fig. 4.7). The genomic DNA was then restricted with Hindlil 
and BglII. This DNA was transferred to nitrocellulO.Se and hybridised 
with APFH8rth1 and XPFH8rib2. The fragments homologous to the rDNA 
clones are listed in Table 4.3 Note that fragments the same size 
as those present in the rDNA clones are identified in the genomic 
72 
digests. 
Table 4.3 Identification of HindIII/BglII genomic fragments 
homologous to APFH8rth1 and .XPFH8rib2 
Sizes in kb. of HindIII/BglII restriction fragments 
Genomic DNA XPFH8rib1 	Genomic DNA XpFH8rjb2 
3.9 
2.5 2.5 	 2.5 
2.2 2.2 
1.9 1.9 
1.4 1.4 	 1.5 
1.0 1.4 
0.6 0.6 
0.5 0.5 	 0.5 
Note: XPFH8rib1 and XPFH8rth2 cross hybridise to essentially 
the same set of genomic fragments. Some of the 
genonlic fragments identified have the same size as 





Secondly, to facilitate the analysis the Hindill genomic 
fragments present in APFH8rib1 and XPFH8r1b2 were subcloned into the 
Hindlil site of pBR322 (Bolivar et al. 1977). Restriction digests 
of the 3 recombinants pPFribl (4.4 kb), pPF2 (4.2 kb) and pPF4.1 
(4.1 kb) are shown in Fig. 4.8. The 4.4 kb fragment from PFH8r1b1 
runs as a doublet with pBR322 (track 2). The. 0.5 k-Bg1II fragment 
is difficult to see on this particular gel, the 2.5 and 1.4 kb fragments 
are clearly visible (track 3).- The Sail site in the 4.1 kb fragment 
(pPF4.1) is obvious in track • The presence of BglII and EcoRl sites 
in pPFrib2 is shown by tracks 7 and 8. 
The following observation.is particularly significant. Both 
pPRrib2 and pPF4.1 show good homology to a 7 kb SalI/BglII fragment 
strongly suggesting that they are related. Note also pPF4.1 shows 
some cross homology to a 2.4 kb fragment, readily identified by pPFrib2 
(Fig. 4.9 tracks 1 and 2). These observations can be explained by 
supposing that the SaiIpresent in pPF4.1, which is derived from the 
Gambian isolate, is absent in the Thai isolate. This results in a 
7 kb fragment rather than a 3.5 kb fragment (see Fig. 4.7) being 
identified. Polymorphism for a restriction site in non-coding DNA is 
a well known phenomena in rDNA (Petes et al. 1977, Cory et al. 1977), 
and could be a reasonable explanation here considering the difference 
in the two strains. 
Further evidence that the 2 fragments are related is shown in 
Fig. 4.10. Note that pPF4.1 and pPFrib2 hybridise to the same EcoRl 
HpaI and BglII fragments. Taken together these data indicate that 
present in XPFH8r1b2 is a genomic fragment generated by partial 
digestion with Hindlil. Evidence will be presented later (Section 4.7) 
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Fig. 4.8 
Ethidium bromide stained gel of restriction digests of pPFribl, 
pPFrib2 and pPF4.1 
Track 
2 	HindIll digests of pPFrthl, the 4.4 kb insert runs as a 
doublet with the 4.36 kb pBR322. 
3 	HindIII/BglII digest of pPFribl generates insert fragments 
of 2.5, 1.3, 0.5 kb. 
4 	HindIll digests of pPF4..1 showing the 4.1 kb insert. 
5 	HindIll/Sall digest of pPF4.1 restricts insert to give 2.1 
and 2.0 kb fragments. 
6 	HindIll digest of pPFrib2 showing 4.2 kb insert. 
7 	HindIII/BglII digests of pFrib2 restricts insert to give 
2.2, 1.4 and 0.55 kb fragments. 
8 	Hindill/EcoRl digests of pPFrth2 generates insert fragments 
of 3.0, 0.7 and 0.5 kb 
9 	HindIll fragments of 	DNA as size markers. 
Note: 2 partials can be observed in tracks 3 and 7. 
Also the definition of the low molecular weight 
fragments has been lost on photography. They can 
'be seen on original negative. 
kb. kb. 















Autoradiographs of Ki DNA. 
Ki DNA was digested with SalI/BglII, transferred to nitrocellulose 
and hybridised with pPFrib2 (track 1), and pPF4.1 (track 2). Both 
show homology to a 7.0 and a 2.4 kb SalI/BglII fragment, indicating 
that the sequences present in the two probes are related. The 
extra fragments identified in track 1 are probably due to cross 
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Fig. 4. 10 
Autoradiographsof Ki genomic DNA. 
The DNA was digested with EcoRl (track 1), HpaI (track 2), 
AvaI (track 3) and Bgl/II (track 4). After transfer to nitrocellulose 
the above digested DNA was hybridised to pPFrth2 (Panel A), and 
pPF4.1 (Panel b). pPFrib2 hybridises to a number of fragments due 
to cross homology with rDNA sequences. pPF4.1 hybridises to fewer 
fragments. In 3 of the digests both pPF4.1 and pPFrib2 hybridise to 
a common fragment (arrowed). The poor homology in track 3 Panel B 


















indicating that pPF4.1 may represent an intervening sequence (IVS) 
in the 28S rRNA gene. 
Single or multiple enzyme digestions of pPFribl and pPFrth2 
gave the restriction maps Fig. 4.11. 	Examples of 2 gels used in 
this analysis are shown in Fig. 4.12 and 4.13. Although several 
restriction enzymes were tried, there is a general paucity of sites 
in the 2.4 kb Hindill/Aval fragment of pPFribl. 	Since the genomic 
DNA is known to have an A+T content of 81% (Pollock et al. 1982; 
Goman et al. 1982), the restriction endonuclease Dral (isozyme Ahaill) 
V 
with the recognition sequence (TrTAAA) was tried, and found to have 
6 sites in pPFrthl Fig. 4.14. As the Dral sites in pBR322 are 3233, 
3252 and 3944 (Sutcliffe 1978), 2 of the 6 sites in pPFribl could be 
mapped. The remaining 4 sites in pPFribl were ordered using the 
method of Smith and Birnstiel (1976) (Methods, Section 2.29). 
pPFribl was partially digested with Dral, and the products fractionated 
by agarose gel electrophoresis. Only those fragments with the 
common end labelled terminus are detected by autoradiography (Fig. 4.15). 
4.6 Mapping of rR1IA coding sequences in pPFribl and pPFrib2 
Hot phenol extraction of total RNA from P.f., and its 
subsequent analysis reveal it to be comprised of 3 components,. 81% 
is rRNA (this figure includes a minor fraction of polyAmRNA), ç,. 14% 
is tRNA and ç. 5% is po1yARNA (Hyde et al. 1983). The polyA RNA 
can be separated from the polyA by oligo-dT-cellulose chromatography 
(Nakazato et al. 1974). The polyA RNA was fractionated by agarose/ 
formaldehyde gel electrophoresis (Methods, Section 2.18) into its 
major constituents 28S, 18S, 5.8S and tRNA (Fig. 4.16A). Examination 
of the rRNA under the electron microscope revealed it to be contaminated 
74. 
Fig. 4. 11 
Maps of pPFribl and pPFrib2. Maps show positions of restriction 
sites Hindill, 	(H); 	Aval, 	(A); 	BglII, 	(B); Dral, 	(D); Ec6R1 	(R) * and Hincli 
(H). Shown also (hatched) are the positions of the rRNA genes 1 	
4L'S 
JL . 


















Fig. 4. 12 
Ethidium bromide stained gel of restriction digest of pPFrib2, 
pPFribl and pPF4.1 
Track 
1 	 HindIll fragments of V DNA as size markers 
2 	 BglII/AvaI digest of pPFrib2 5.1, 2.8, 0.55 kb 
3 	 BglII/Pstl digest of PPFrib2 5.2, 3.0, 0.55 kb 
4 	 SalI/Aval digest of pPF4.1 5.0, 2.75, 0.75 kb 
5 	 Sali/Pstl digest of pPF4.1, 3.0, 2.75 doublet kb 
6 	 BglII/AvaI digest of pPFribl 5.4, 2.8, 0.5 kb 
7 	 BglII/PstI digest of pPFribl 5.0, 3.3, 0.5 kb 
8 	 HindIll fragment of 	DNA as size markers 
The definition of the small fragments has been lost on 
photography, though they are clear on original negative. 
Since there is no BglII site, and the Aval, SalI and PstI 
sites are known in pBR322 (Sutcliff, 1978). The Aval, Sail and 
BgiII sites can be mapped in pPFribl, pPFrib2 and pPF4.1. 





Fig. 4. 13 1  
Ethidium bromide stained gel of restriction digests of 
pPFribl and pPFrib2. 
Track 
1 	HindIll fragments of 	DNA as size markers 
2 	HindIll/Hincil digests of pPFribl giving 3.25*, 3.1, 0.85, 
0.7, 0.65, 0.45* kb fragments. 
3 	HincIl/Eglil digest of pPFribl giving 3.25*, 2.9, 1.3, 0.8, 
0.4 kb fragments 
4 	HindIII/HincII/BglII digest of pPHribl giving 3.25*, 2.5, 
• 	 0.7 doublet, 0.65*, 0.45, 0.4 kb fragments 
5 	HindIll/Hincli digest of pPFrib2 giving 3.25*, 2.8, 0.65*, 0.5 
0.45* doublet, 0.36 kb fragments. 
6 	HincIl/Eglix digest of pPFrib2 giving 3.25*, 2.65, 1.1, 0.55, 
0.5, 0.3 kb fragments 
7 	
HindIII/HincII/BglII digest of pPFrib2 giving 3.25*, 2.2, 
0.65* 0.55, 0.5, 0.45*, 0.3 kb fragments 
Since the Hincli sites are known in pBR322 (Sutcliff, 1978) 
and the BglII sites in pPFribl and pPFrib2 have already 
been mapped, the Hincil sites in the inserts can be 
positioned. The fragments solely derived from pBR322 













Ethidium bromide stained gel of pPFribl digested with Dral (track 
2). The size markers are Hindill/EcoRl fragments of X DNA (track 1). 
A Dral digest of pPFrib2 is included for comparison, but the 
restriction sites were not mapped. A Dral (D) digest of pPFribl 
yields fragments of 4.6*, 1.0 doublet, 0.84*, 0.7, 0.4, 0.15, and 0.1 kb. 
Since the Dral (MtaIII) sites in pBR322 are known (Sutcliff, 1978), 
two (*) of the six Dral sites in pPFribl could be positioned (see 
bottom), the others were ordered by the method of Smith and Birnsteil 





















Smith and Birnsteil mapping of Dral sites in pPFribl: the 
recombinant plasmid was first digested with BaxnHl(B), end-labelled, and 
then digested with EcoRl (R). Dral (D) was added to give partial 
digestion, and aliquots were removed over a time course. In this 
way the Dral sites were ordered, and are represented graphically 
below. The size markers are EindIII/Sa].I fragments of A DNA. 
*Note the partial at 3.6 kb, and the doublets at 2.8 
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by a small amount of DNA (data not shown). This contamihating DNA 
was removed by passing the RNA through a 5.7M CsC1 cushion (Glisin 
et al. 1979), the tRNA was also removed by this centrifugation step 
(Fig. 4.16B). Examination of Fig. 4.16B shows that the rRNA was 
largely intact with only a small amount of degradation. 
The individual rRNA species were removed from the gel, end-labelled 
with polynucleotide kinase, and hybridised against restricted pPFribl 
and pPFrib2 (Methods, 2.25). The pattern of hybridisation of 28S rRNA 
to Hindlil/Aval digested pPFribl and pPFrib2 is shown in Fig. 4.17, 
tracks 2 and 3. Note that the 28S sequence is confined to the 1.2 kb 
and 0.86 kb fragments of pPFribl (track 4), whereas all 3 fragments of 
pPFrib2 show homology (track 5). An EcoRl digest of pPFrib2 (track 6) 
defines the limit of the 28S rRNA sequence in PFrib2, as neither the 
0.7 kb or 0.5 kb fragments show homology (even after long exposure) 
track 7. 
When the process was repeated using 32P- 18S rRNA the 0.7 kb 
fragment from pPFrib2 and the 2.4 kb fragment from pPFrthl are 
identified (Fig.-4.18). Some hybridisation is seen to other fragments, 
because the lBS rRNA probe was contaminated with degraded 28S rRNA. 
Finally 5.8S rRNA shows homology to the 2.4 kb fragment of pPFribl and 
the 0.5 kb EcoRl fragment of pPFrib2 (Fig. 4.19). 
To identify the regions encoding the 28S, 18S and 5.8S rRNA within 
pPFribl, the plasmid was digested with Hindlil, Aval, and Dral, and 
the hybridisations repeated (Fig. 4.20). 	The fragments homologous 
to the 18S rRNA were identified (track 3), as they showed no 
homology to 28S rRNA (track 4). The Dral fragment homologous to 
5.8S rRNA was identified by its homology to a fragment appearing after 
digestion with Dral alone (data not shown). In this way the coding 
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Fig. 4.16 
Ethidium bromide stained agarose/forinaldehyde pO1yARNA 
gel. Fractionation of RNA reveals it to be comprised of 4 major 
class sizes which operationally are termed 28S, 18S, 5.8S and 4S 
(tRNA). Shown in Panel A are 3 samples of parasite polyARNA. 
The RNA can be purified by a C5C1 centrifugation step, this 
also removes the 4S RNA. Panel B show 2 samples of RNA treated 
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Fig. 4.17 
Ethidium bromide stained gels and autoradiographs of pPFribl 
and pPFrib2 hybridised with 28S rRNA. Hindlil/Aval digests of 
pPFribl (track 2), and pPFrib2 (track 3) were transferred to nitro-
cellulose and hybridised with 28S rRNA. Homology is observed to the 
1.2 kb and 0.86 kb fragments of pPFribl (track 4), and to 3 fragments 
of pPFrib2 (track 5). An EcoRl digest of pPFrib2 (track 6) shows 
that the 28s rRiA homology is confined to a single. 7.4 kb fragment 
(track 7). 
Note: the pBR322 derived fragments are shown *; 
the fragments sizes are given in kb; 



















Ethidium bromide stained gels and autoradiographs of pPFrthl 
and pPFrib2 hybridised with 18S rRNA. An EcoRl digest of pPFrib2 
(track 1) was transferred to nitrocellulose and probed with 18S rRNA. 
Homology is to the 0.7 kb fragment (track 2), although some homology 
is observed to the 7.4 kb fragment, this is due to degraded 28S rRNA 
in the probe. When pPFribl digested with Hindill and Aval (track 3), 
is probed with lBS rRNA the strongest homology is to the 2.4 kb 
fragment. (track 4). Again other. fragments show homology, due to 
degraded 28S rRNA in the probe. 
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Ethidium bromide stained gel and autoradiograph of pPFribl 
and pPFrib2 hybridised with 5.8S rRNA. When a HindIll/Aval/EcoRl 
digest of pPFrib2 (track 1) is probed with 58S rRNA homology is 
only observed to the 0.5 kb EcoRl fragment (track 3). On probing a 
Hindlil/Aval digest of pPFribl (track 2), with 5.8S rRNA, the 2.4 kb 














Ethidiuin bromide stained gel and Southern blot of pPFrthl. 
When the rDNA recombinant was digested with Hindlil/Aval and Dral 
(track 2), and hybridised with total rRNA (track 3), the 0.45 kb 
and 0.38 kb fragments are identified as specific to the 18S rRNA, 
for they were not identified when 28S rRNA alone was used as a probed 
(track 4). The size markers (track 1) are Hindlil/EcoRl fragments 
of 	DNA. The pBR322 derived fragments are shown (*) Note 
some partial digestion fragments are observed, one of which shows 
homology to both probes. 
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sequences homologous to the 3 rRNAs were assigned to the physical maps 
of pPFrthl and pPRrib2 (Fig. 4.11). 
The data presented so far can be summarised as follows. 
Hybridisation with separated rRNA species demonstrate both pPFrthl 
and pPFrib2 encode at least part of each of the major rRNA species. 
These are arranged in the order 18S-5.8S-28S. In this respect I have 
shown that P.f. does not differ from the other eukaryotic systems 
analysed (Long and Dawid 1980). 
However, neither contains the complete gene for either the 18S or 
the 28S rRNA (see Fig. 4.11). It can be confirmed that the 28S sequences 
encoded in pPFribl and pPFrib2 do not together comprise the whole gene 
from the following 2 observations. Firstly, both contain sequences 
homologous to the 5.8S rRNA, which is characteristically located 5' 
to the 28S gene, i.e. both pPFribl and pPFrib2 encode the 5' end of 
the 28S rRNA gene. Secondly, if the 28S sequence in pPFribl is 
contiguous with the 28S rRNA sequence in pPFrib2, then an Aval fragment 
of 2.4 kb should be readily identified in the genome. No such fragment 
is observed (Fig. 4.21). The remainder of each gene must lie on one 
of the other Hindill fragments identified by pDm238/29 and total rPNA. 
Although the library was screened further with both pDM238/29 and 
pPFrib2 these Hindill fragments were not found. A likely explanation 
for the failure to detect the smaller fragments could be that they are 
not represented in the XHPF8 library; supporting this view is the 
fact that the minimum capacity of NM788 is 3-4 kb (Murray et al. 1977). 
Since both pPFribl and pPFrib2 encode the 3 rRNA species and 
yet clearly differ in 
(1) overall siz.e 4.2 kb vs. 4.4 kb, 
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Fig. 4.21 
Southern blot of Aval restricted KiDNA hybridised with 28S rRNA. 
Strong homology is observed to genomic fragments of 11.0, 8.0, 
3.5, 3.0, 0.86 and 0.80 kb. There is no homology to a fragment of 
Ca. 2.4 kb. This strongly suggests that the fragmentspresent in 
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distribution of Aval, BgIII, EcoRl and. Hincil sites 
location of AT rich sequence 
see Fig. 4.11. It seems reasonable to conclude that there must be at 
least two transcription units, which differ slightly, and that pPRribl 
and pPFrth2 are the analogous Hindill fragments from each unit. 
The mapping of the 28S rRNA to the 3 kb Hindlil/EcoRl fragment 
in pPFrib2, and the fact that no 28S homology is detected in 4.1 kb 
fragment of APFH8rib2 (see Fig. 4.7) can be explained if the 28S gene 
is interrupted by a stretch of non-coding DNA (intervening sequence, 
ivs). The 4.1 kb fragment may be part of such an ivs. From the size 
of the 28S rRNA the 28S rRNA gene must be at least 4.3 kb (Hyde et al. 
1981). At most only 3 kb of this gene is present in pPFrib2, the 
remaining 1.3 ]th being encoded within one of the smaller Hindlil 
fragments, which appear to be absent in the XPFH8 library. 
4.7 Isolation and characterisation of.a rRNA fragment homologous to 
28S rRNA, from an EcoRl genomic library XR1K1 
Evidence presented in the previous section suggests that the 28S 
gene of the Gambian isolate HG13 (Butcher 1981), may possess an ivs. 
Ijybridisation of the 28S rRNA to EcoRl digested genomic DNA of the 
Thai isolate El (Thaithong et al. 1981), identified 3 fragments, the 
smallest being 8 kb (Fig. 4.4b, track 2). To clone these fragments 
a genomic library was constructed from EcoRl digested Ki DNA. The 
restricted Kl DNA was ligated into the EcoRl site of NM1149 and 
package in vitro (See Methods, 2.16). 
Approximately 10 recombinant phage per tg of Ki DNA were 
obtained, and 5000 screened with 32P-labelled 28S rRNA. Three clones 
identified in this way were all found to contain an 8 kb EcoRl fragment 
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homologous to the 28S rRNA. One of these, )R1Klrib2 was analysed 
further. 
Restriction analysis revealed that the 8 kb EcoRl fragment 
(Fig. 4.22, track 3) contains a Hindlil site, such that a Hindlil/EcoRl 
digest generates a 5.0 kb and a 3.0 kb.fragment (track 4). This 8 kb 
fragment overlaps the 3 kb Hindlil/EcoRl fragment cloned in pPFrib2, 
since they generate fragments of the same size when further digested 
with BglII (tracks 5 and 6). When Hindill/EcoRl digested ARlKlrib2 
was probed with labelled 28S rRNA, 90% of the homology was to the 
smaller fragment (Fig. 4.23 track 3), as determined by densitometry. 
By this criterion only 300 bp of the 5 kb Hindill/EcoRl fragment is 
homologous to the 28S rRNA. As pPFrib2 encodes at most 3 kb of the 
28S 'rRNA gene, 1 Ith or more must be encoded elsewhere, since the 28S 
rRNA is 4.3 kb (Hyde et al. 1981). It therefore follows that the 28S 
rRNA gene is interrupted by the 5 kb Hindill/EcoRl fragment of XRlKlrib2. 
To determine the size of the Hindlil fragment, of which the 5 kb 
fragment is a part, the 5 kb Hindlil/EcoRl fragment was labelled and 
hybridised against restricted genomic DNA. Strong homology is seen 
to a Hindlil fragment of 5.4 kb (Fig. 4.24, track 6). Interestingly 
homology is also observed to the 2.6 kb Hindlil fragment identified 
by pDm 238/29 and total rRNA. In addition other bands of higher 
molecular weight are identified, presumably due to their homology to 
the non-coding sequence in XRlKlrib2, since they are not seen when 
28S rR1A is used as a probe (Fig. 4.3). Note also that strong 
homology is seen to the 8 kb EcoRl genomic fragment (track 8) from 
which the 5 ]th Hindlil/EcoRl probe is derived. 
These data permit the construction of a genomic map for this 
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Fig. 4.22 
Physical map of ARIKI rib2 
ARIKI rib2 is an 8.0 kb ECORl genomic fragment of rDNA 
(track 3), which contains a Hindlil site such that a Hindill/EcoRl 
double digest gives 5.0 and 3.0 kb fragments (track 4). Cloned 
in XRIKIrib2 is the overlapping genomic fragment to that present 
in pPFrib2. Since a HindIII/BgiII/EcoRl triple digest generates 
the same restriction pattern (tracks 5 and 6). The vector derived 
fragments are shown (*)• Track 2 shows a Hindlil only digest of 
XRIKIrib2. This generates a 3.2 kb fragment which includes Ca. 0.2 kb 
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Fig. 4.23 
Ethidium bromide stained gel and autoradiograph of restriction 
digests of XRIKIrib2 and pPFrib2. A Hindlil/EcoRl digest of XRIKIrib2 
restricts the insert into 5.0 and 3.0 kb fragments (track 1). A 
similar digest of pPFrib2 generates insert fragments of 0.5, 0.7 and 
3.0 kb (track±). When the above DNAs are hybridised with 285 rRNA, 
90% of the homology is to the 3.0. kb fragment of A RIKIrth2, and 
only 10% to the 5.0 kb fragment (track 3). All of the 28S rRNA 













Ethidium bromide stained gel and autoradiograph of K1DNA. 
Genomic K1DNA digested with Hindill (tracks 2 and 4), and EcoRl 
(tracks 3 and 5), was hybridised against the 5.0 kb Hindlil/EcoRl 
fragment of XRIKIrib2 (tracks 6 and 8), and pPF4.1 (tracks 7 and 9). 
The hybridisation patterns are different, compare tracks 6 and 8 with 
tracks 7 and 9. pPF4.1 hybridises to a 4.1 kb Hindill fragment 
(track 7) and a 13.5 kb EcoRl fragment (track 9); whereas the 5.0 kb 
fragment of XRIKIrib2 hybridises to at least 5 HindIll fragments. 
Note the 2.6 kb Hindlil fragment identified here, is also identified 
when total rRNA is used as a probe. The size markers are Hindlil 
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FIG 4.24 
region (Fig. 4.25). Present in XR1K1rth2 may be the analogous genomic 
fragment to that cloned in APFH8rib2. The 28S rRNA coding sequence 
common to both appears identical by restriction analysis. In each 
example the coding sequence is interrupted by a stretch of non-coding 
DNA. 	However the non-coding DNA present in APFH8rib2 and XR1K1rth2 
is not the same. Firstly, they are of different size, 4.1 kb in 
XPFH8rth2 as opposed to 5.0 kb in XRlKlrib2. Secondly, pPF4.1 shows 
a different pattern of hybridisation to Kl genomic DNA. It hybridises 
strongly to a 4..l Ith Hindlil fragment (track 9), some homology is also 
seen to a 4 kb EcoRl fragment. The 13.5 kb fragment which shows 
strong homology to pPF4.1 also cross hybridises weakly to the 5.0 kb 
Hindill/EcoRl fragment of XRlKlrib2 (track 8), presumably due to 28S 
rRNA sequence homology as these fragments are identified when 28S rRNA 
is used as a probe. Thirdly, there is no ,SalI site in the 5.0 kb 
Hindlil/EcoRl fragment (Fig. 4.26 track 3) and finally pPF4.1 does not 
cross hybridise to XRlKlrib2 under the stringency conditions used 
(0.5 x SSC, 37°C) track 5. 
The observation that pPF4.1 and the Hindlil/EcoRl fragment are 
different has at least two possible explanations. One is that pPF4.1 
is not related to pPFrth2 (i.e. it was a coligation product and not 
a Hindill partial cloned in XPFH8rib2), and the fact that they 
hybridise to common SalI/BglII, EcoRl and HpaI fragments in the genome 
of Ki was merely fortuitous. The second more exciting possibility is 
that pPF 4.1 and the 5.0 kb Hindlil/EcoRl fragment of XRlKlrib2 are 
representatives of 2 types of ivs which are unrelated; a situation 
which exists in D.melanogaster between Type I and Type II ivs 
(Wellauer and Dawid 1978). 
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Fig. 4.25. 
Genomic map of rDNA transcription unit. Portions of the genomic 
DNA that have been cloned and analysed in detail are indicated. 
The 5.4 and 2.6 kb fragments have only been identified by genomic 
hybridisation experiments, and as yet no overlapping fragment joining 
them has been isolated. The cross hybridisation of XRlKlrib2 to the 
2.6 Ith fragment is probably due to the 28S rRNA sequence. Two types 
of intervening sequence are shown although a complete 28S rRNA gene 
containing ivs 2 has not yet been cloned. Some restriction sites are 
shown and are Hindlil, (H); EcoRl (R); and SalI (5). 	For more 
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Ethidium bromide stained gel and autoradiograph of XRIKIrib2. 
An EcoRl/Hindlil digest generates fragments of 5.0 and 3.0 kb (track 2) 
90% of the 28S rRNA homology is to the 3.0 kb fragment (track 4). 
The insert lacks a Sail site (Track 2), the 3.2 kb fragment derives 
from the vector NM1149. There is no homology to pPF4.1 (track 5), 
therefore 5.0 kb and 4.1 kb fragment of pPF4.1 appear to be 
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Confirmation that pPF4.1 is an ivs awaits the isolation of a 
28S rRNA gene whose coding sequence is interrupted by pPF4.1. 
However the data concerning XR1K1rth2 argues that some of the 28S 
rRNA genes in P.f are interrupted by the 5.0 kb Hindlil/EcoRl 
fragment. Although the complete 285 rRNA gene has not been cloned, 
preliminary genomic hybridisation analysis suggests that the 3' end 
is encoded by the 2.6 HindIll fragment. It remains to be seen 
whether the 28S rRNA gene in the other transcription unit, of which 
pPFribl is a part, is also interrupted. As yet no overlapping 
fragment containing pPFribl has been cloned. 
4.8 Estimation of the number of copies of the 4.4 kb and 4.2 kb 
fragments in the genome of P.falciparum 
Repeated genes are generally ubiquitous, but are more frequent 
in eukaryotic than in prokaryotic cells. Consideration of structural, 
functional and evolutionary aspects, has led to the repeated genes 
being classified in two broad groups of 'dosage' and 'variant' 
repetition. Dosage repetition means that the genes are present in 
many copies because the demand for their product is too great for a 
single gene. This phenomenon is exhibited primarily by the rRNA 
genes. 	Protein coding genes frequently occur in families of 
sequences in a pattern called variant repetition. These repeated 
genes are not identical, but related. 
The rRNA genes are the best studied examples of dosage repetition, 
and their redundancy has been determined in a large number of eukaryotic 
species using saturation hybridisation with labelled rRNA in solution 
and nuclear DNA bound to nitrocellulose filters (Gillespie et al. 1965). 
Another method for estimating the frequency of a particular sequence 
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in a genome employs Southern hybridisations (Lis et al. 1978). Here 
the degree of hybridisation is an indication of copy number, and can 
be estimated by comparison with known standards. This protocol was 
employed to estimate the number of copies of pPFribl and pPfrib2 
present in the genome of P.f. 
Knowing the DNA content of the genome of P.falciparum is 
2.2 x 10 kb (Goman et al. 1982), HindIll restricted pPFribl and 
pPFrth2 were diluted in salmon sperm DNA: such that their concentrations 
were equivalent to 1,2,4,8,10 and 12 copies per genome of P.f. 
Genomic DNA from two different isolates of p.f. Ki and Tak 9 (Rosario V. 
1981), 	Se restricted with Hindill, and together with the diluted 
standards fractionated on a 0.7% agarose gel. The DNA was transferred 
to nitrocellulose and hybridised with 32P-labelled pPFrthl and pPFrth2. 
The degree of hybridisation to the 4.1 kb and 4.2 kb fragments in 
the genome, and to the diluted standards was quantified by scanning 
densitometry. 	The results are represented graphically in Fig. 4.27. 
It can be seen that there are approximately 4 copies of both pPFrthl 
and pPFrib2, in the genome of P.f. isolated Ki and Tak 9. The equal 
number for both pPFribl and pPFrib2 is consistent with the observation 
that they show equal degrees of hybridisation to both pPm 238/29 
and total rRNA (Figs. 4.3 and 4.4). Taken together they suggest that 
there are 8 rRNA genes in total, and these are organised into 2 
classes of 4 each. 
This number was obtained using an estimate for the genome 
size of P.f. of 2.2x104kb (Goman et al. 1982). This figure was 
derived from the amount of DNA extracted from a known number of 
parasites. Other workers have estimated the genome size of P.f. to 
81. 
Fig. 4.27 
Quantitation of rDNA copy number by Southern blot analysis. 
The rDNA clones pPFribl and pPFrib2 were diluted in 4 4g of salmon 
sperm DNA and digested with Hindill. Aliquots equivalent to a range 
of copy numbers from 0-12 were fractionated on an agarose gel, 
together with 4 jigs of Hindlil digest Tak 9 and Kl genomic DNA. 
After traflfer to nitrocellulose the blot was hybridised with either 
pPFribl or pPFrib2 radiolabelled by nick translation. The degree of 
hybridisation was estimated by scanning densitometry, the absorbance 
is equivalent to the area under peak of the densitometer scan. The 
copy number of pPFribl () and ppFrib2 (.) was estimated by 
comparison with the amount of hybridisation observed to the Tak 9 












Gene copy number 
be 3.8 x 1O5 kb, by comparing the kinetics of reassociation of the 
non-repetitive DNA with that of E.coli (Rough-Evans and Howard 1982). 
This estimate is approximately 17 times higher than that obtained for 
P.f. and other Plasmodia (see below), and if used would result in an 
estimate of 136 copies of the rRNA genes in P.f. 	This higher copy 
number would indicate that the rRNA genes in P.f. are moderately 
repetitive as has been described for other eukaryotes (Long and 
Dawid 1980). 
The low copy number of 8 rRNA genes is in good agreement with 
the 4 copies recently obtained for the rRNA genes of P.bercjiei (P.b.) 
(Dame and McCutchan 1983a). The number they obtained is based on a 
genome content of 0.05 pg/nucleus (Bahr et al. 1972), estimates by 
other workers put the DNA content of P.b. at 0.025 pg/nucleus 
(Dore et al. 1980, Cornelissen et al. 1983), which is consistent 
with 0.018 pj/nucleus for P.knowlesi (Gutteridge et al. 1970) and 
0.02 pg/nucleus for P.f. (Goman et al. 1982). A DNA content of 
0.025 pg/nucleus for P.b.. would imply that there are 8 rRNA genes, 
rather than the 4 reported (Dame and McCutchan 1983a). 
The 17 times higher genome size reported for P.f. by Rough-Evans 
and Howard (1983), is therefore in conflict with that reported for 
the genome size of P.f. (Goman et al. 1982), and other Plasmodia 
(Bahr et al. 1972, Cornelissen et al. 1983, Dore et al. 1980, 
Gutteridge et al. 1970), and gives P.f. a genome size 2-3 times 
that of D.m. (Rasch et al. 1971). This would also result in a DNA:RNA 
ratio of 20:1, since Hyde et al. (1983), estimate the amount of RNA 
in P.f. to be equivalent to the DNA content reported by Goman et al. 
(1982). The excess DNA:RNA could be explained if a large proportion 
of the genome of P.f. was repetitive and non-coding, however Rough-Evans 
: 
and Howard report that only 10% of the genome of P.f.is repetitive. 
This is lower than that reported for P.f. (Goman et al. 1982), and 
for P.b. (Dore et al. 1980). 
Until other estimates for the genome size of P.f. are published, 
it seems reasonable to take the genome size of P.f. as 2.2 x lO kb 
(Goman et al. 1982), and the number of rRNA genes as 8. P.f. and P.b. 
therefore are exceptional eukaryotes in regard - to the low number of 
rRNA genes per haploid genome. 
4.7 Conclusions 
Two genomic rDNA fragments from a Gambian isolate HG13 (Butcher 
1981) have been:cloned and analysed in detail. Sequences homologous 
to the 28S, 18s and 5.8S rRNA have been mapped to these fragments, 
and are arranged 18S-5..8S-28S. This arrangement is the same as that 
reported for most eukaryotes (for review see Long and D,awid 1980), 
where the 18S rRNA gene is at the 5' end. 	In p .berghei although no 
58S rRNA gene was mapped, it has been shown that the 18S rRNA gene 
is 5' to the 28S rRNA gene in the rPNA transcription unit (Dame 
and McCutchan 1983b). It is reasonable to assume therefore that in 
P.falciparum the transcription unit is also ordered 5'-18S-5.85-28S-3'. 
In P.falciparum I have also shown that the 5.8S rRNA gene is located 
in a stretch of A+T rich DNA, as has been reported for D.melanogaster 
and proposed as a processing point (Pavlakis et al. 1979). 
When the rRNA was fractionated under denaturing conditions 
the SOS rRNA appeared as 'a discrete band, implying that unlike the 
Trypariosomaids, Plasmodia do not possess the numerous small 
rRNAs (Cordingley and Turner 1980, Hernandez et al. 1983). Further-
more no 5S rRNA was detected leading to the assumption that 5S rRNA 
may be absent in P.falciparum. 	In support of this view is the 
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observation that no homology was detected to cloned Xenopus laevis 
5S RNA in the genome of P.brghei (Dame and McCutchan 1983b). 
Demonstration that the two rDNA fragments contain sequences 
homologous to all 3 rRNA species, but are clearly different, allows 
one to conclude that they are derived from separate transcription units. 
The high molecular weight RNA homologous to the rDNA clones (Hyde et al. 
1981) is presumably the rRNA precursor. Each rDNA fragment is 
represented 4 times in the genome, this number did not vary between the 
two isolates compared, and implies that there are 8 rRNA transcription 
units of two distinct classes. The low copy number and the observation 
of at least two classes of transcription unit has also been reported 
for P.berei (Dame and McCutchan 1983a). 
The low copy number obtained for P.falciparum and P.berei sets 
them apart from other parasitic blood protists such as Leishmaflia 
donovani and Trypanosoma cruz, which have 166 and 144 nuclear rRNA 
genes respectively (Leon et al. 1978, Castro et al. 1981). In other 
protozoa the rRNA genes are amplified on an extrachromosomal element, 
for example although Tetrahymena has only a single rRNA gene in its 
micronucleus (Yao and Gall, 1977), in the macronucleus the rRNA genes 
are amplified to approximately 600 copies on an extrachromosomal 
palindrome (Yao ët al. 1979). The absence of satellite DNA in 
P.falciparum (Goman et al. 1982, Pollock et al. 1982) precludes 
the ampli1fation of the rHNA genes on an extrachromosomal element. 
The 8 nuclear copies therefore represent the full complement of 
rRNA genes. 
However these data were obtained from in vitro cultures of the 
asexual stages of P.falciparum, and it would be of interest to ascertain 
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if the copy number of rRNA genes varies with changes in the life cycle. 
Intererythrocytic asexual parasites give rise to micro (male) and macro 
(female) gametocytes, and several lines of evidence show that macro-
gametocytes have many more ribosomes than microgametocytes (for review 
see Sinden 1983). This would agree with the general idea that female 
germinal cells must be ready to sustain more abundant and diverse 
protein synthesis. 	Can the increase in the number of ribosomes be 
correlated with an amplification in the number of rRNA genes? 
Preliminary evidence emerging from the study of infective (i) strains 
of P.berghei suggests so. It has been previously demonstrated that 
gametocyte infectivity (to the mosquito) requires an amplification 
and rearrangement of repetitive DNA (Birago et al. 1982, Dore et al. 
in press). Genomic hybridisations of i and ni DNA with pPFrib2 
indicates that the rRNA genes are amplified to approximately 100 
copies, and undergo a rearrangement, as part of this process 
(C. Frontali pers. comm.). This evidence suggests that the mechanism 
allowing ribosome over-production in macrogametes is direct 
amplification of the ribosomal genes. Breakdown of this mechanism 
would thus result in loss of infectivity of syringe passaged cultures 
without blocking asexual growth of the parasite. 
Finally, analysis of a rDNA fragment cloned from the genome of 
a Thai isolate Kl (Thaithong et al. 1981) indicates that the 28S rRNA 
gene in P.falciparum may contain an intervening sequence. Intervening 
sequences in the large subunit rRNA gene have been reported for D.m. 
(Glover et al. 1977), Tetrahymena (Wild and Gall 1979), and Physarum 
(Campbell et al. 1979). The presence of an inserted sequence in the 
large s.u. gene of T.brucei. has been noted (Has/an, et al. 1982-), 
with the characteristics of a mobile element. In P.falciparum 
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although sequences homologous to the inserted DNA are detected 
elsewhere they are not repetitive or amplified. 
InPberghei the possibility of an intervening sequence has been 
reported for the 28S rRNA gene of one of the transcription units 
(Dame and McCutchan 1983a), due to a variation in size of a Hindill 
genomic rDNA fragment. Another explanation for this observation is 
a variation in size of the internal transcribed.spacer. Since 
neither fragment has been cloned, it is impossible at this point 
to delineate between these two possibilities. 
In P.falciparum the interrupted 28S rRNA gene was cloned from 
the transcription unit characterised by having 2 EcoRl sites in 
the internal transcribed spacer. It remains to be seen if both 
classes of transcription unit have interrupted 28S rRNA genes, and 
whether more than one type of ivs exists in each strain. Moreover, 
are all strains of P.falciparum the same, or do they vary like 
TetrahymenapigmefltoSa where the 25S rRNA genes is interrupted in 
strain GUM, but intact in 8 ALP (Wild and Gall, 1979)? Preliminary 
evidence suggests that P.f. strains Ki and HG13 both have 28S rRNA 
genes with an ivs. In addition does the possession of an ivs render 
the gene transcriptionally inactive as in D.m. (Long et al. 1981), or 
have no effect as in Tetrahyinena (Wild and Gall 1979)? If the genes 
are transcriptionally active, how are they processed? 
Evidence is emerging that the number of copies of the rRNA genes 
vary with changes in the life cycle, and it will be of interest to 
determine whether or not expression of the rDNA is also differentially 
controlled throughout the life cycle; bearing in mind P.falciparum'S 
parasitic existence and alternation between two quite markedly different 
hosts (man and mosquito). 
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5.1 Introduction 
There are three, fundamental mechanisms which have evolved for 
cell motility. These are ultrastructurallY, biochemically and 
mechanically distinct. Two of these, bacterial flagella and eukaryotic 
flagella serve to move cells through fluid media, but they function 
differently (for review see. Adler, J., 1975; Clarke, M. and Spudich, 
J. A., 1977). The third motility mechanism, that based on microfilaments 
is responsible for amoeboid-type movement of a cell on a solid 
substratem. The major component of the microfilaments of non-muscle 
cells is actin; it is a major component of the cytoskeleton, as well 
as being involved in many forms of cellular motility (for a review 
of the biochemistry of actomyosin-dependent cell motility, see Korn, 
E. D., 1978). 
Analysis of mammalian actin protein by high resolution two-
dimensional gel electrophoresis shows 3 iso-electric forms. Two 
forms, cytoplasmicand y, are found in all cell types while the 
third, the most acidic form, cv. actin, is found exclusively in muscle 
cells (Korn, bc cit). A striking feature of actins is their very 
high sequence conservation, even between different species. The amino 
acid (a.a.) sequence of the cellular slime mold Physarum actin, has 
been determined and compared to mammalian actins. Physarum and 
mammalian cytoplasmic (a andy) actin differ in only 4% of their a.a. 
residues, i.e. lower eukaryotic actin is more similar to mammalian 
cytoplasmic actin, than cytoplasmic actin is to skeletal actin 
(Vandekerckhove, et al. 1978). Comparison of Physarum and DictyoSteliUul 
(cellular slime mould) a.a. sequences with those of m amma lian cytoplasmic 
'actin shows that the a.a. differences are clustered in residues 1-6 
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and after 159. The a.a.s 7-159 'are conserved and therefore appear 
important for non-muscle actins. Consistent with this view of con-
servation for function, is the observation that skeletal actins show 
7 changes in this region (Vanderkerckhove, et al. 1980). 
The evolutionary requirement for the functionally conserved region 
of non-muscle actins, is thought to be a consequence of the inter-
action of actin with the numerous actin-binding proteins (for review, 
see Craig and Pollard, 1982). A major protein with which actin interacts 
is myosin (which is an ATPase that forms an enzymatically active complex 
with actin), and presumably provides the energy for - thd motility events. 
The two other major proteins known to bind with actin in mIcrofilaments 
are tropomyosin and a actinin, and all of these proteins are widely 
distributed; for example the small soil amoeba Acanthamoeba contains 
one actin, 2 myosins and 4 gelactins (Korn, bc cit). 	In the red 
blood cell, actin forms a complex with spectrta and ankyrin, and 
together these anchor glycophorin and band 3 proteins in the plasma 
membrane (Pasvol and Wilson, 1982). Clearly the links between actin, 
spectrin, ankyrin, band 3 and glycophorin afford a pathway that the 
invading malaria parasite must deform during entry. 
The a.a. sequence conservation of actin is reflected in the 
nucleotide sequence of the organisms compared. Although during 
evolution there has apparently been pressure to maintain a specific 
sequence in parts of this protein, the codon usage has changed 
resulting in the nucleic acid sequences being more divergent. 
However nucleotide conservation is also reflected between disparate 
organisms; Hanukoglu et al. (1983), comparedthe sequence of actin 
cDNAs from human, Dictyostelium and yeast. Human actin shows 98 
and 85% homology to the Dictyostelium and yeast actins respectively. 
The conservation of sequence for actin coding regions, has 
permitted the isolation of actin genes from a number of organisms, using 
as a probe, actin sequences previously cloned from a different species. 
For example, the actin genes in both Drosophila and the nematode 
Caenorhabditis elegans were isolated using the Dictyostelium cDNA actin 
clone pcDdBl (Bender et al. 1978; Fyrberg et al. 1970; Files, et al. 
1983). The actin genes from sea urchin were isolated using cloned 
Drosophila actin (Durica et al. 1980), and actin genes from the 
ci1iateprotoZOafl Oytricha fallax by homology to yeast actin Maine 
and spear, 1980). 
A more comprehensive review of actin genes is presented in 
Chapter 1. Also shown in Chapter 1 is the life cycle of Plasmodium 
falciparum, and a brief review of - it is presented below. 
When a female Anopheles mosquito ingests the blood of a human 
host, the i?xfected erythrocytes set the parasites free in the mosquito's 
stomach. In the mosquito the mature sexual cells (gametocytes) 
commence sexual reproduction. The male gametocytes nucleus divides. 
into 4 to 8 nuclei each of which forms a long flagellum; they shoot 
out from the original cell, lash about and then break free. This process 
is called exflagellation. The female (macrogamete) attracts the male 
(microgamete), and they fuse to form a zygote. This is at first 
a motionless globular body, but it elongates and becomes motile; this 
worm like stage is known as an ookinete. The ookinete forces its 
way out of the stomach and into the body cavity, where it forms an 
oocyst. The sporozoites develop within the oocyst, which later 
bursts liberating thousands of mobile sporozoites. These move to the 
salivary gland and the female mosquito is now infective. 
Following inoculation by the mosquito bite, the sporozoites 
move to the liver and enter the hepatocyte cells, where they undergo 
pre-erythrocytic schizogony. When this stage is complete, the schizont 
bursts, the liver cells rupture, releasing rnerozoites into the blood 
circulation. The merozoites invade the red blood cells, and undergo 
erythrocytic schizogony. This erythrocytic cycle is repeated until 
some of the merozoites develop into gametocytes, which are ingested 
by another mosquito, so completing the life cycle. 
It is obvious that motility is involved throughout the life 
cycle. This observation as well as the development of flagella, 
suggests that P.falciparum might use actin as part of its motility 
machinery. The isolation of P. falciparum actin genes would allow 
the study of a gene(s) coding for a structural protein, which in many 
cases is known to be developmentally regulated (for review see Firtel, 
1981), and could play an important role in the life cycle of the 
parasite. The conservation in actin nucleotide sequences, permits 
the isolation of this gene by cross homology to a previously cloned 
actin sequence; thus obviating the need to employ sophisticated 
techniques such as, cloning into an expression vector, hybrid selection 
and in vitro translation of specific mRNA. 
The experiments described here are preliminary and they detail the 
isolation from P.falciparum of putative actin genes, due to their 
homology to actin genes cloned from the cellular slime mould 
Dictyostelium discoideum. 
5.2. Results and Discussion - 
5.2.1 Sequences in the genome of P.falciparum homologous to the two 
Dictyostelium actin probes pcDdBl and Eco. 13.4.9. 
The two D.disccideum: actin genes used as probes in this study 
are pcDdBl (Bender, et al. 1978), and Eco.13.4.9. (a kind gift of 
Dr. J. Williams). Maps of the recombinant plasmids are given in 
Fig. 5.1. Note that pcDdBl is a 1050 bp dDNA copy of Dictyostelium 
cytoplasmic polyA+  xnRNA, and therefore represents over 95% of the 
coding sequence. It shows homology to an actin gene cloned in 
recombinant plasmid M6, which contains 6 kb. of genomic DNA 
(Bender, et al. 1978). However, subsequent analysis indicates 
that the mRNA copy present in pcDdBl is not transcribed from the M6 actin 
gene (McKeown, et al. 1978; McKeown, et al. 1981), but could be the 
transcript of either pDd actin 2-sub-1, pDd actin 5 or 7 as they all 
code for the same NH  terminal peptides (Firtel, et al. 1979). The 
restriction map of pcDdBl given in Fig. 5.1 was taken from Firtel, 
et al. (1979). 
By contrast the plasmid Eco 13.4.9 contains a 4.4 kb EcoRl 
genomic DNA fragment, which includes a complete actin gene plus 
flanking sequences. The map presented is that kindly provided by 
Dr. J. Williams. 
DNA extracted from the Ki isolate (Thaithong et al. 1981) of 
P.falciparum, was digested with Hindlil, fractionated on a 0.7% 
agarose gel, and transferred to nitro cellulose. The filter was 
hybridised with pcDdBl radio-labelled by nick translation (Methods). 
An autoradiograph of the filter is presented in Fig. 5.2 (track 1). 
Five Hindill fragments were identified in this way and their sizes 
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Fig. 5.1 
Restriction map of pcDdBl, the cDNA was cloned by G+C tailing 
into the Pstl (P) site of pBR322 (-----; 	Bender, et al. 1978). 
The Hindlil (H) site is at the 5' end of the structural gene. 
The HaeIII (Ha), and Hapil (Hp) sites are shown. 
Restriction map of Eco 13.4.9, the 4.4 kb genomic DNA was cloned 
into the EcoRl site of PMB9 (----). The structural gene is shown 
hatched, along with the direction of transcription. 
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are 5.5, 4.8,'3.8, 2.8 and 0.6 kb. 
McKeown, et al. (1978) reported that when different actin genes 
were used as probes, differing degrees of homology were observed, due 
to heterogeneity between actin genes. To test this possibility in 
P.falciparum, a Hindlil digest of genomic DNA was hybridised to the 
plasmid Eco 13.4.19 (track 2). Now homology is only detected to 
fragments of 5.5, 3.8 and 0.6 kb. Although homology might be detected 
- - 	to other fragments with a longer exposure of the autoradiograph, the 
2.8 kb fragment appears to specifically hybridise to pcDdBl. It is 
noteworthy that the extra fragments are identified by the cDNA actin 
clone (pcDdBl), and it therefore seems unlikely that the extra bands 
are identified due to some spurious homology. When the genomic DNA is 
digested with EcoRl and hybridised to the plasmid Eco 13.4.9, the 
majority of the homology is to a 16 kb fragment (track 3), although 
some faint homology is detected to other fragments after a long exposure 
(track 4). 
These data indicate that there are sequences in the genome of 
P.falciparum homologous to Dictyostelium actin genes, and a number of 
tentative conclusions can be drawn from the hybridisation patterns. 
First, the differential hybridisation pattern suggest that P.falciparum 
has more than one actin-like sequence, and that these are different. 
Interestingly there is a Hindill site near the 5' end of all actin 
genes so far examined (McKeown, et al. 1978; Firtel, et al. 1979) 
The identification of 5 HindIll fragments raises the possibility that 
there are as many as 5 actin genes in P.falciparum. The majority of 
homology displayed by the plasmid Eco 13.4.9. to the 16 kb EcoRl 
fragment could be interpreted as an indication that some of the putative 
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Fig. 5.2 
Autoradiographs of Ki genomic DNA, hybridised with pcDdBl 
(track 1), Eco 13.4.9 (tracks 2,'3 and 4). The DNA was digested 
with }JindIII (tracks 1 and 2), and EcoRl (tracks 3 and 4). The sizes 
of the fragments are given in kb. Note that Eco 13.4.9 (track 2) 
hybridises to only 3 of the 5 fragments identified by pcDdBl (track 1). 
Note also that the majority of homology shown to the plasmid Eco 13.4.9 
is located on a 16 kb EcoRl fragment (track 3), although some homology 
is detected to other smaller fragments after a long exposure (track 4). 
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actin genes are clustered. Actin genes are known to be clustered in 
Dictyostelium, sea urchins and nematodes (McKeowan, et al. 1978); 
Durica, et al. 1980; Files, et al. 1983); the dispersed actin genes 
in Drosophila appear to be exceptional in this respect (Fyrberg, et al. 
1980; Tobin et al. 1980). 
To analyse further the identified putative actin sequences, clones -
homologous to the D.disco.ideum actin probes were isolated from genomic 
and cDNA libraries of P.falciparum. These studies are detailed in 
sections 5.2.2 and 5.2.3 
5.2.2 Isolation of putative actin genes from a Hindill genomic library 
The Hindlil fragments identified in the genome of the isolate Kl, 
were sought in the genomic library constructed from the Gambian 
isolate HG13, cloned into phage lambda (Goman et al, 1982). The 
APFH8 library was screened and out of the 4000 individual clones 
two were homologous to pcDdBl. The two phage recombinants identified 
by pcDdBl were purified, and their homology to D.discoideumactin 
checked against the plasmid Eco. 13.4.9 (Fig. 5.3). Note that 
Eco 13.4.9 also hybridises to a nematode actin sequence cloned into 
phage A. The nematode actin sequence (a kind gift of Dr. M. Salvato) 
is a BamHl genomic fragment (ca. 10 kb) inserted into the phage vector 
1059 (Korn, et al. 1980). 
The two putative P.falciparum actin clones were amplified, 
the DNA extracted and digested with HindIll. Both were found to 
contain fragments of 5.5, 4.8, and 0.6 kg, and an example of such a 
digest is shown in Fig. 5.4 (track 2). This is a particularly 
satisfying result as fragments of these sizes were identified in the 




Actincontaining recombinant phage hybridised with Eco 13.4.9. 
Homology is observed to the nematode recombinant (A), and the two 

















Ethidium bromide stained gel and autoradiograph of restriction 
digests of NM788 and PFH8 acti. The actin recombinant contains 
3 HindIll fragments of 5.5, 4.8 and 0.6 kb homologous to the pcDdBl 
probe (tracks 2 and 5). The insert lacks EcoRl and BglII sites, 
since a Hindill/EcoRl and a HindIII/BglII double digest (tracks 3 
and 7) yields the same 5.5, 4.8 and 0.6 kb fragments. An EcoRl/Hindlil 
digest of NM788 is included for comparison (track 1). Note the 
ability to see the 1.3 kb vector fragment, and the 0.6 kb actin fragment 
(tracks 2 and 3) has been lost upon photography, although they were 
clear on original negative. The 0.6 kb fragment is clearly visible 
in tracks 5, 6 and 7. A Hindill/Sall digest generates. four fragments 
of 3.0, 2.3, 1.6 and 0.6 kb homologous to pcDdBl (track 6), the 3.0 kb 
fragment showing the strongest homology. When APFH8actl is hybridised 
to a nematode actin phage recombinant, both the 5.5 and 4.8 kb 
fragments display homology. The strong hybridisation to the high 
molecular weight fragment is due to homology between vectors. At 
this exposure the 0.6 kb fragment is not visible. Size markers were 
Hindill fragment of X DNA (track 4). Note some homology is seen 

















Gambian isolate HG13 (Butcher, 1981). All 3 fragments are homologous 
to pcDdBl (track .5), and in total comprise ca. 10 kb of genomic DNA. 
Note that some partials homologous to the probe are observed in 
tracks 5 and 7. The isolation of a single recombinant phage of 3 
Hindlil fragments all homologous to pcDdBl, which together account for 
10 kb of the genome is consistent with the view that some of the 
putative actin genes are clustered in P.falciparum. 
The Plasmodium DNA insert is digested by SalI and SalI/HindIII 
fragments of 3.0, 2.3, 1.6, 0.6 kb are ,homologous to pcDdBl (track 6). 
Since the insert is approximately 10 kb, the Sall/Hindill digest reveals 
that only 7 kb codes for actin and furthermore the majority of the 
actin sequence is encoded by the 3.0 kb fragment, as it shows the 
strongest homology to pcDdBl. Note that the. insert does not contain 
sites for EcoRl (track 3) or BglII (track 7). 
Finally, the putative P.falciparum actin clone, XPFH8 act lalso 
shows homology to the Nematode actin gene cloned in lambda (track 8). 
Note that the small 0.6 kb Hindlil fragment is not detectable at 
the exposure presented, however both the 5.5 and 4.8 kb can be seen 
to be homologous. Note also the strong homology observed to the 
weight 
high molecularframents is because the probe is also a phage lambda 
recombinant. Taken together with the observation that XPFH8 act 1 is 
homologous to the two Dictyostelium probes, it seems reasonable to 
conclude that XPFH8 actIcontains P.falciparum actin genes. 
5.2.3. Identification of a mRNA transcript, and isolation from a 
P.falciparum cDNA library, of sequences homologous to a cloned 
Dictyostelium actin gene 
Of the 17 actin genes identified in the genome of Dictyostelium, 
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only six are known to be expressed (McKeown, et al. 1981). In order to 
discover whether the actin-like sequences cloned from P.falciparum 
are expressed, I sought a transcript homologous to the Dictyostelium 
actiñ probe, in P.falciparum po1yA mRNA. 
To identify and estimate the size of mRNA homologous to 
Dictyostelium actin genes, total polyA+ RNA extracted from an asynchronous 
culture of the asexual blood forms of P.falciparum (Methods, 2.3.b) 
was fractionated on an agarose/formaldehyde gel (2.18).. The RNA was 
transferred to nitrocellulose, and hybridised against the plasmid Eco 
13.4.9. A single band of RNA with size ca. 2.8 kb hybridised - to the 
probe (Fig. 5.5, lower trace). At 2.8 kb this is larger than most actin 
UIRNAS, although a 2.5 kb actin transcript has been reported for 
Drosophila (Zulaf, et al. 1981); however most are generally 1.2-2.0 kb 
(Firtel, 1981). 
Having established that the 'actin' sequences in P.falciparum 
are expressed, cDNA copies of the 'actin' mRNA were sought in a cDNA 
library of P.falciparum. The construction of this cDNA library has been 
described (Hyde, et al. 1983). Purified po1yA RNA from an asynchronous 
culture of Kl parasites, was copied into double stranded cDNA. To 
this EcoRl linkers were added, and the cDNA fragments cloned into the 
EcoRl site of the vector NN1149. The recombinant phage were packaged 
in vitro, and plated on indicator bacteria. All the plaques were 
harvested, and stored at 4°C, this step resulted in an amplification 
of 2 x i06 . 
A proportion of this amplified cDNA library (ca. 25,000 plaques) 
was screened with radio-labelled pcDdPi and Eco.13.4.9. Twelve 
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Upper trace: Size distribution of total P.falciparum polyA from Ki 
on 0.8% denaturing gel showing number average (1.2 kb) and weight 
average (2.1 kb) chain lengths. Markers are the small and large 
rRNA chains from E.coli (Ec 5 
 = 1.54 kb, Ec
1 
 = 3.24 kb) and those 
from P.falciparum (pf = 2.27 kb, Pf1 = 4.34 kb, Hyde, et al. 1981). 
Lower trace: Total polyA RNA from above probed with a Dictyostelium 
actin clone; scan of autoradiogram. 
and the DNA extracted from 3 of the recombinants (Fig. 5.6 tracks 2, 
3 and 4). All 3 contained a cDNA insert of 3.5 kb, which is homologous 
to pcDdBl (tracks 5, 6 and 7). The discrepancy between the cDNA 
(3.5 kb) and transcript (2.8 kb) is difficult to explain. A number 
of possibilities exist, though none of these has been tested at this 
time. One possibility is that the estimation for the size of the 
transcript is low due to the RNA not running true on the gel. Although 
a denaturing gel was used, the transcript may still have possessed 
secondary structure, and this imparted an anomalous mobility to the 
RNA. Another possibility is that the cDNA derives from a rare 3.5 kb 
message, which is more readily cloned, or that the discrepancy in size 
results from.a cloning artifact. In conclusion, the extreme possibility 
exists that the mRNA and the cDNA clones identified by the Dictyostelium 
probe are unrelated. 
Confirmation that a cDNA clone actually codes for actin, is 
usually obtained either by nucleic acid sequencing or hybrid selection 
and translation to give a protein recognised as actin (Gallwitz, et al. 
1980; Durica, et al. 1980; Zulaf, et al. 1981; Files, et al. 1983). 
The latter approach was initiated here for the following reason. In 
this laboratory the major emphasis is the recognition and cloning of 
protective antigen genes, as a prelude to the development of a vaccine 
against malaria. An integral step in this process is the identification 
of particular antigen genes by hybrid selection. The hybrid selection 
of actin mRNA by the putative DNA copy provides a model system, and 
the preliminary experiments towards this goal are presented below. 
Rat antibodies raised against yeast actin and tubulin have been 
shown to react with mammalian actin and tubulin (Chang et al. 1981, 
RM 
Fig. 5.6 
Ethidium bromide stained gel and autoradiograph of EcoRl digests 
of P.falciparum cDNA clones homologous to pcDdBl. Track 1 shows EcoRl 
size marker fragments of XDNA. Tracks 2, 3 and 4 show. EcoRl digests 
of P.falciparum cDNA clones. Tracks 5 , 6 7 show above digested DNA 
hybridised with pcDdBl. Note P.falciparum insert specifically 












and John Kilmartin, pers. comm.). It is believed that the conserved 
nature of actin (Vanderkerckhove, et al. 1978 and 1980) allows some 
actins from désparate organisms to share a common epitope, however 
the cross reaction is not general. As the rat cz-yeast actin antibodies 
(a kind gift of Dr. J. Kilmartin) is known to cross-react, it was used 
here in an attempt to identify P.falciparum actin. To date actin has 
no been identified or purified in Plasmodia. 
Total parasite proteins extracted by detergent (NP40) from an 
asynchronous population of Ki parasites, were fractionated on a SDS-
polyacrylamide gel (Methods, 2.19, and Fig. 5.7, track 3.). Included 
for comparison were proteins extracted from uninfected red blood cells 
(track 2) and yeast (track 4). The proteins were transferred to nitro- 
cellulose and screened with rat a-yeast actin antibody. The precipitated 
antibody was recognised by the ELISA test (Methods 2.27). Yeast actin 
is identified (track 7) of the correct molecular weight (. 42000). 
No cross reaction to P.falciparum (track 6) or red blood cell (track 5) 
was observed, even when affinity purified rat a-yeast actin antibody 
was used (data not shown). 
Although I failed to detect any cross-reaction between yeast-
actin antibody and P.falciparum, I do not think this approach has been 
exhausted. Antibody raised against a different actin may well cross-
react, and a number of different antisera could be tried; antisera to 
cytoskeletal microfilaments and chicken muscle actin are now commercially 
available (Miles Scientific). 
Clearly a more systematic approach is to purify actin from 
P.falciparum, and raise anti-P.falciparum actin antibodies. Actin is 
usually purified by a procedure involving chromatography on DEAE-cellulose, 
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Fig. 5.7 
Silver stained SDS-polyacrylamide (Laemilli) gel and western 
blot. Total proteins extracted from yeast (track 4), P.falciparum 
(track 3), and uninfected red blood cells (track 2). Molecular weight 
size marker proteins shown in track 1. Above proteins were transferred 
to nitrocellulose, and probed with rat yeast actin antibodies. The 
precipitated antigen recognised by the ELISA assay (see Methods 2.27). 
Note no actin precipitated from P.falciparum (track 6), or uninfected 
red blood cells (track 5). Note also that actin of the correct 

















polymerization and depolymerization, and gel filtration of monomeric 
G-actin (Korn, 1978). However, a more rapid approach is to take 
advantage of actins inhibitory binding to DNAse I; a DNAse 1-agarose 
affinity column can be used to purify actin (Lazarides, et al. 1974). 
The availability of P.falciparum actin would, as mentioned, allow 
antisera to be raised. Furthermore more determination of its 
molecular weight would indicate the minimum size of the nucleotide 
coding region; for example how much of th putative 2.8 1± transcript 
actually codes for protein, or is this unusually large actin mRNA 
due to untranslated sequences-at the messenger termini? In this context 
a 500 bp 3' untranslated region has been reported for a human cytoplasmic 
actin (aniikoglu, et al. 1983). 
5.3 Conclusions 
Hybridisation analysis using two Dictyostelium discotumactin 
gene containing recombinants (pcDdBl and Eco 13.4.9) indicate the presence 
of homologous sequences in the genome of P.falciparum. The different 
'patterns of hybridisation towards the two probes suggests that there 
may be more than one (and possibly 5) 'actin' genes, and that they are 
heterogeneous. Furthermore, some of these putative genes could be 
clustered, and the isolation of a single phage recombinant containing 
3 of the 5 HindlIl fragments identified by the probes lends support to 
this view. 
The identification of a specific transcript by Eco 13.4.9 indicates 
that some of these putative genes are expressed, and a cDNA clone 
homologous to both probes has been isolated. Hybrid selection of a 
transcript specific to the putative cDNA actin gene is in progress 
(J. Hyde, pers. comm.), and translation of said message will confirm 
whether the cDNA clone is an actin gene. 
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As mentioned previously nucleotide sequence analysis would also 
confirm the cDNA as an actin clone. The availability of the sequence 
would also reveal whether P.falciparum actin genes contain an inter-
vening sequence (s). With the exception of. Dictyostelium, all actin 
genes sequenced so far posses intervening sequences, the position and 
number of which appear highly variable (Fyrberg, et al. 1981; Sanchez 
et al. 1983; Ng. and Abelson, 1980; Schuler, et al. 1981; Firtel, 1981). 
Furthermore the nucleotide sequence may reveal the nature of the 
discrepancy in size between the cDNA and mRNA identified by the probes. 
During the life cycle of P.falciparum certain stages are highly 
motile, and at one point the microgamete suddenly produces flagella; 
whilst at other stages the parasite is sessile (oocyst). It is not 
unreasonable therefore to expect actin gene expression in Plasmodia 
to be developmentally regulated, and the cDNA actin clone may permit 
the investigation of developmentally regulated gene expression. There 
is a precedent as actin genes are developmentally expressed in 
Dictyostelium, Drosophila and sea urchin (McKeown, et al. 1981; 
Sanchez, et al. 1983; Merlino, et al. 1980), and this was determined 
using the untranslated portions of the cDNA clones as probes for 
mRNAs expressed at the different developmental stages. 
CHAPTER 
GENERAL DISCUSSION 
The work presented in this thesis details the initial 
chatacterisation of the genome of P.falciparum, as characterised by 
the analysis of three particular classes of DNA. The first class of 
DNA represented by XPFH8rep2O is highly repeated in the genome, 
and apparently is not expressed (or is expressed at a very low level), 
since no homologous mRNA species could be detected on woctcrn blots 
(data not shown). The 'second class of sequence, namely the rRNA 
genes, have been shown here to be only moderately repetitive (ca. 8 
gene copies). The rRNA genes are conserved in their sequence (when 
compared to other eukaryotic rRNA genes), and are transcribed into a 
product (rRNA which is readily obtained from parasites cultured 
in vitro). Finally the third class, the putative actin genes, are 
also conserved in their coding sequence, but moreover are translated 
into a protein product. 
The latter two, the rRNA and actin genes, are both conserved in 
their coding sequence. This was crucial in their isolation, enabling 
recombinant phage containing them to be identified by cross homology 
to cloned genes from another species. This constraint (of conservation 
in sequence) upon the library screening with heterologous probes was 
illustrated by the failure to detect the gene coding for dihydrofolate 
reductase (DHFR), using as a probe the DHFR gene cloned from mouse. 
The DHFR genes are not known to be conserved in their sequence. 
The enzyme DHFR is involved in folate metabolism, it reduces 
dihydrofolate to tetrahydrofolate (see below), and is the site at 
which many of the antifol drugs act (for review of DHFR in Plasmodia, 
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The substrate affinity of the plasmodial DHFR is 2-3 times greater 
than host cell DHFR, and is probably the reason why the antifols 
(pyrimethamine, trimethoprin, cycloguaril, dihydrotriazimes) are 
effective as antimalarials. 
Methotrexate (MTX) is a specific inhibitor of DHFR, and in rodents 
and Leishmania tropica, MTX resistance is due to an amplification of 
the DHFR gene (Kaufman, et al. 1979; Coderre et al. 1983). Since 
the P.falciparum isolate Kl is resistant to pyrimethamine (Thaithong 
and Beale, 1981), the Ki DHFR gene was sought using as a probe the 
cDNA DHFR gene from mouse (Chang, et al. 1978). I was unable to 
detect any homology between the mouse DHFR sequences and those of 
P.falciparum, even under conditions where the single DHFR gene was 
detected in MTX sensitive mice. Using the same cDNA probe Schimke and 
his co-workers were unable to detect DHFR sequences in L.tropica 
(Coderreet al. 1983), and the L.tropica DHFR gene does not cross 
hybridise with malaria DHFR sequences (R. Santi, pers. comm.). 
Thus illustrating the requirement for conservation in sequence when 
using heterologous probes. 
In L.tropica amplified DHFR genes were detected in MTX resistant 
cells, as a prominant band on an ethidium bromide stained agarose gel. 
Comparing Ki (pyrimethamine resistant) to Tak 9 (sensitive) genomic 
DNA on ethidium bromide stained gels, failed to reveal any prominant 
species even when the DNA was extracted from parasites in the presence 
of challenge; this is also true for the mRNA (J. Hyde, pers. comm.). 
The naturally occurring pyrimethamine resistant strains of malaria, 
appear to be stable mutants which do not revert in the absence of 
challenge, and the failure to detect any amplification of their DNA, 
implies that resistance may be due to single (or multiple) lesion, 
rather than to amplification of DHFR sequences (for review of 
anti-malarial drug resistance, see Peters 1982). 
• 	The data presented in Chapter 3, combined with that of 
]haithong et al. (1983) demonstrates that there are marked differences 
between strains of P.falciparum. They emphasise that an isolate can 
be a mixture of several genetically distinct strains, and cannot 
therefore be considered as genetically pure. This may be relevant 
to this laboratory, where the P.falciparum laboratory standard is the 
uncloned isolate Kl. 
The importance of working with a genetically defined strain 
cannot be overstressed, and failure to do so has led to some errors 
in interpretation of data. In the late 1960's Peters and his co-workers 
reported the selection from the P.berghei isolate NK65, of a number 
of chioroquin resistant lines (NS lines) , an example of such is 
Ramkaran and Peters (1969). It was later shown (by Carter and 
co-workers in Edinburgh), by isoenzyme typing, that the NS lines were 
in fact P.yoelii, which is naturally resistant to chioroquin, and Peters, 
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et al. (1978) had to reinterpret their previous data. 
Using the same technique of isoenzyme typing D.Walliker and his 
co-workers have recently shown that the non-infective P.berghei NK65 
line of Dore, et al. (1980, 1983; and Birago, et al. 1982) contains 
P.yoelii (D. Walliker pers. comm.). It appears that mechanical 
passage of NK65 has led to the selection of P.yoelii out of the mixed 
isolate, and in the light of this finding the relationship between 
infectivity and repetitive DNA content hypothesised by Dore, et al. 
may have to be re-examined. 
P.berghei and P.yoelii are morphologically very similar, and 
it is difficult to distinguish between them on that criterion alone. 
However, this is not the case for the human malarias, for example, 
P.falciparum has characteristically crescent shaped gametocytes 
(Carter and Miller, 1979). Moreover the monoclonal antibody and 
in vitro translation of mRNA studies to date, show Kl (if composed of 
more than one strain) to be a stable isolate even over long periods 
of in vitro culture (Hall, et al. 1983; Hyde, et al. 1983). 
In addition to heterologous probing, there are two further 
methods of identifying a gene of interest from a number of clones 
(library). Firstly, when the mRNA of the gene in question is 
relatively abundant, and the gene product is known, the cDNA copy can 
be identified by hybrid selection and in vitro translation of said 
message. This protocol was used by Merlino et al. (1980) to clone to 
sea urchin actin gene. In sea urchins 10% of the polyA+ mRNA codes 
for actin. The product of the in vitro translation co-migrated with 
both rabbit muscle actin, and actin purified from sea urchin. 
However, in P.falciparum actin has yet to be purified, nor is the 
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mRNA known to be abundant. Moreover the gene could be isolated by 
homology to other actin sequences and for these reasons this approach 
was not used here. 
Secondly, the gene coding for a particular protein can be 
identified providing that antisera to the protein is available, and 
the cloned gene expresses sufficient antigen. The gene coding for the 
sporozoité surface antien of P.knowlesi was identified in this way 
(Ellis et al. 1983). Kemp et al. (1983) have recently reported the 
construction of an expression cDNA library from P.falciparum. Using 
human sera from a malarious area, a number of clones were identified 
which presumably may code for clinically important antigens. An 
expression cDNA library is also being screened with immune sera 
in this laboratory, and the isolation and characterisation of an 
antigen gene now seems more probable than possible. 
However, the data presented here on the rRNA and 'actin' genes 
represents the first analysis of genes from the human malaria 
parasite P.falciparum. An understanding of the basic biology of the 
parasite will surely be crucial in long term efforts aimed at its 
eradication, and this work is the first step in elucidating the 
genomic organisation of P.falciparum. The results from the APFH8 rep 20 
analysis implies that the genome of P.falciparum may be very plastic, 
and by recombination and or transposition capable of a high rate of 
change (mutation). The notably low copy number for the rRNA genes, 
and the large 'actin' transcript size, are indicative of the 
unusual life cycle of P.falciparum (from man to mosquito) and may be 
reflected in the genomic organisation, and these could be the first 
of many surprises to come. 
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